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October 9, 1990; 07/608,121 filed November 11, 1990; 07/594,871 filed October 9, 1990; 
07/594 896 filed October 9, 1990; 07/594,874 filed October 9, 1990; 07/594,873 filed 
October 9, I990;and 07/656,651 filed February 15, 1991. The entire disclosures of these 
applications are hereby incorporated by reference for all purposes. 

This invention relates to a device or apparatus for manipulating matter within a 
confined or inaccessible space, especially during surgery in a living body. 

Matter may be manipulated in such circumstances in various ways, for example by 
application of a ligature, by suturing, by cutting with a knife or scissor action, or by capture and 
retrieval in devices such as screens, baskets, barriers, pouches, or retractors. Such 
manipulation may be difficult when operating in the confined space of a very deep wound or 
through a small arthroscopic or other endoscopic incision or body aperture. 

Many forms of apparatus for performing surgical operations have been proposed 
previously using flexible steel wires which spring apart when extended from the distal end of a 
tube and which can be brought together again on withdrawal back into the tube. Examples of 
such known devices may be seen in U.S. Patents 2114695, 2137710, 2670519, 3404677, 
4174715, 4190042, 4222380, 4249533, 4347846, 4655219, 4691705, 4741335, 
4768505 and 4909789. However, these devices may not be completely satisfactory for 
various reasons, especially after repeated use or long storage which may fatigue the materials 
used. 

Attempts have been made to use shape memory metals in surgical apparatus, but 
these suffer from inconvenience and from the risk of damage to living tissues resulting from 
the need either to cool the memory metal while positioning it in the body so that body heat 
thereafter actuates the shape memory effect, or to heat the metal above body temperature to 
actuate it after positioning. Examples of such attempts are described in U.S. Patents 
4509517, 3868956 and 4425908. 

The present invention uses pseudoelastic materials, preferably pseudoelastic shape 
memory afloys, which bend pseudoelastically to perform manipulations which may be difficult 
or impossible to achieve reliably with previously known devices. Pseudoelastic alloys have 
previously been described for non-manipulative devices such as lesion marker probes, bone 
anchors, heart valves, intrauterine devices, dental arch wire, coil stents and filters, as 
described in U.S. Patents 4665906 (Jervis), 4616656 (Nicholson), 4898156 (Gatturna), 
4899743 (Nicholson), and 4946468 (U). In one case, U.S. Patent 4926860 (Stice) describes 
a straight suturing needle made of such alloy which ensures the needle emerges straight after 
being inserted through a curved cannula. None of these known uses in any way suggests 
the present ingenious use of the power of pseudoelastic bending on extending a 
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pseudoelastic manipulator means from a cannula to perform manipulations in difficult 
locations. 

The present invention accordingly provides a device or apparatus for manipulating 
matter in a confined or inaccessible space, comprising 

5 

(i) manipulator means at least partly constructed of one or more bent or twisted elongate 
shape memory alloy members having pseudoelasticity at the intended manipulation 
temperature, and 

1 0 (ii) a hollow housing (preferably of elongate tubular form) or cannula capable of holding at 
least the shape memory alloy members) in a relatively straightened state, and 

(iii) actuating means for extending the shape memory alloy member(s) from the housing 
to manipulate matter within the said space and for withdrawing the shape memory alloy 

1 5 member(s) into the housing, the arrangement being such that the shape-memory alloy 

member(s) bend(s) or twist(s) pseudoelastically in a lateral or helical sense to manipulate the 
matter on extending from the housing at the said manipulation temperature, and become(s) 
relatively straightened on withdrawal into the housing at the said temperature. 

Preferably the invention provides such a device or apparatus which is of elongate 

20 form for surgical manipulation of matter within a living body, and which has the manipulator 
means at its distal end with the shape memory alloy members) having pseudoelasticity at the 
temperature to be encountered within that body, and whersln the actuating means is 
operable from the proximal end of the device. 

Various forms of device or apparatus will now be described independently, it being 

25 understood that all may be inventive in themselves, although all are preferably within the 

scope of at least the first (more preferably both) of the two immediately preceding paragraphs. 
Non-surgical uses may be appropriate for some forms. 

Any elastic material may be used in some of the embodiments of this invention, but it 
is generally preferred to use a pseudoelastic material. Many different materials exhibit 

3 0 pseudoelasticity and can be used in any embodiment of this invention. It is preferred to use a 
pseudoelastic shape memory alloy. 

The term "elastic material" is used herein to mean a material that has spring-Bee 
properties, that is, it is capable of being deformed by an applied stress and then springing 
back, or recovering, to or toward its original unstressed shape or configuration when the 

35 stress is removed. The elastic material is preferably highly elastic. The material can be 

polymeric or metallic, or a combination of both. The use of metals, such as shape memory 
alloys, is preferred. Shape memory alloys that exhibit pseudoelasticity, in particular 
superelasticity, are especially preferred. The elastic materials herein exhibit greater than 1% 
elastic deformation, more generally greater than 2% elastic deformation. Preferably, the 
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elastic materials herein exhibit greater than 4% elastic deformation, more preferably greater 
than 6% ©flsstec deformation. 

Preferably, the elastic member is at least partially formed from a pseudoelastic 
material, such as a shape memory altoy that exhibits pseudoelasticity. Shape memory altoys 
5 which exhibit superelasticity (also referred to in the literature as non-linear pseudoelasticity), 
are especially preferred. 

U.S. Patent No. 4,935,068 to Duerig, which is commonly assigned with the present 
application and incorporated herein by reference, teaches the fundamental principles of 
shape memory altoys. Some altoys which are capable of transforming between martensitic 

1 0 and austenstic phases are able to exhibit a shape memory effect. The transformation between 
phases may be caused by a change in temperature. For example, a shape memory altoy in the 
martensitic phase will begin to transform to the austenitic phase when its temperature rises 
above A s and the transformation will be complete when the temperature rises above A$. The 
forward transformation will begin when the temperature drops betow M§ and will be compSete 

1 5 when the temperature drops betow Mf . The temperatures M 3 , M? ( A§, and Aj define the 
thermal transformation hysteresis toop of the shape memory altoy. 

Under certain conditions, shape memory alloys exhi&jft pseudoelasticity, which does 
not rely on temperature change in order to accomplish shape change. A pseudoelastic altoy 
is capable of being elastically deformed far beyond the elastic limits of conventional metals. 

20 The property of pseudoelasticity of certain shape memory altoys, which preferably is 

used in the devices of this invention, is the subject of a paper entitled °An Engineer's 
Perspective of Pseudoelasticity 0 , by T.W. Duerig and R. Zadno, pubBshed in Engineering 
Aspects of Shap® Memory Altoys, page 380. T.W. Duerig, K. Melton, D. Stoe&efl, and M. 
Wayman, e*5tors, Butteftsorth PubBshers, 1990 (preceding© off a cor^®tr@irt©D entitled 

25 "Engineering Aspects off Shaps Memory Alloys*, held in Lansing, Michigan in Augusft 1988). 
As discussed in the pap^vth® Ssctosure of which is incorporated hereon by reference, 
certain altoys &m capal&!& ©fl exhibiting pseudoelasticity of two types. 

°Sy^}(T(iH!ii^di^ arises in appropriately treated altoys white they are in ibm austenstic 
phaso £3 a ten^(Tg3ym wfcScft is greater than A§ and less than M^ (A§ is the temperature at 

30 whfefo, rafooffi © shs*?® ramofy altoy in its martensitic phas® is heated, the tran^e<rmatcon to the 
austenitte pfias© b$&m t and Mg is the maximum temperature at whteh the transformation to 
the martensitic phase can be induced by the appBcatton off stress). Superelasticsty can be 
achieved when the altoy is annealed at a temperature which is less than the temp&rature at 
which the altoy is fulfiy rec?ystalB2ed. Alternative methods of creating superelasticity in shape 

35 memory altoys. such as solution treating and aging, or altoying. are also <2scussed in °An 

Engineer's Perspective of Pseudoelasticity 0 , referenced above. An article may be provided 
with a desired configuration by holding if in that configuration during annealing, or during 
solution treatment and aging. An article formed from an altoy which exhibits superelasticity 
can'be deformed substantially reversibly by 1 1% or more. In contrast, "Eneas' 



o o ■ 

MP13S9COM-US3 

4 

pseudo©lastidty 0 , is believed not to be accompanied by a phase change. It is exhibited by 
shape memory alloys which have been cold worked or irradiated to stabilize the martensate, 
but have not been annealed in the manner discussed above. An article formed from an alloy 
which exhibits linear pseudoelasticity can be deformed substantially reversably by 4% or more. 
5 The treatment of shape memory alloys to enhance their pseudoelastic properties is also 

discussed in above-mentioned U.S. Patent No. 4,935.068 to Duerig, incorporated herein by 
reference. 

While the alloy that is used in the devices of this invention may exhibit either linear 
pseudoelasticity or superelastidty (which is sometimes referred to as non-Bnear 

1 0 pseudoelasticity), or pseudoelasticity of an intermediate type, it is generally preferred that it 
exhibit superelastidty because of the large amount of deformation that is available without the 
onset of plastidty. U.S. Patent No. 4,665,906 to Jervis, which is commonly assigned with the 
present application and is incorporated herein by reference, teaches the use of 
pseudoelastic shape memory albys in medical devices. 

1 5 The pseudoelastic material will be selected according to the characteristics desared of 

the article. When a shape memory alloy is used, it is prefera&y a nickel titanium based altey. 
which may include additional elements which might affect the yiefd strength that is available 
from the altoy or the temperature at which particular desired ps©udoelastte charatieristics are 
obtained. For example, the altoy may be a binary altoy consisting ess©n8alify of nSdtosJ and 

20 titanium, for exampSe 50.8 atomic percent nickel and 49.2 atomic percent titanium, otr it may 
include a quantity of a third el©m©nt such as copper, cobaB, vana^um, chromium or iron. 
Alloys consisting essentially of nickel, titanium and vanadium, such as (Ssctosed in U.S. 
Patent No. 4,505,767, th© disclosure of which is incorporated herein by r©f@r©nc©, air® 
preferred for som© app&e^ttons, particutarfy sine® they can-ate@©xhibM sup®r©l©stte psoperties 

25 at or around body tem^ratfyires, and because they ar® stiff©? and/or can ^©fq rrtor® ©finite 
energy. Copper based altoys may also be us©d, for ©xampte altoys consisting essentially of 
copper, adamitrasm and etig&©fl; copper, aluminum and zinc; and copper and zinc. 

Aft ®r&&Q ©xhj&ffing superelastidty can be substantially reversibffy deformed, by as 
much m ®tev©n p©pe©n3 ©tr rror©. For example, a 1 .00 meter length of superelastte wire may 

30 be streticftc^l to 1.1 1 m©t®rs in length, wherein its altoy will undergo a pihtas© chang® to aft least 
a partially mor© martenssffic phss© known as stress-irtduced-martensit®. Upon r©fc®&§® of th© 
stress, the wire will r©tum substantially to its 1 .00 meter lengtfr, and its altoy will, 
corresponding^, return at I©as3 substantially toward its mor© ay^©nitie pSias©. By way e3 
contrast, a similar wire of spiring steel or other conventional metal may onSy b® ©lasSfeaDy 

35 stretched approximately one percent, or to 1 .01 meter in length. Any further stretching of the 
conventional wire, if not resulting in actual breakage of the wire, will resuK in a non-©lastte 
(plastic) transformation such that, upon relief of the stress, th© wir© will not return to its original 
length. Linear pseudoelastic and superelastic materials may also b© b©na, twisted, and 
compressed, rather than stretched, to a far greater degree than conventional m©tal§. 
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It is befieved thai the superelastic property is achieved by phase transformation within 
the alloy, rather than by the dislocation movements which occur during the plastic deformation 
of ordinary metals. A superelastic material may be deformed and released thousands of times, 
without being subject to breakage due to the metal fatigue which limits the number of 
5 deformation cycles which an ordinary metal may undergo without failure. 

Shape memory alloys have a special feature which is beneficial for certain of the 
embocfiments of this invention. As a superelastic shape memory alloy is increasingly 
deformed from its unconstrained shape, some of its austenatic phase changes into stress- 
induced-martensite. The stress/strain curve presents a plateau during this phase change. 

1 0 This means that while the alloy undergoes this phase change, it can deform greatly with only 
minimal increases in loading. Therefore, elements comprising superelastic shape memory 
alloys have a built-in safety feature. These elements can be designed (using appropriately 
treated altays and appropriate dimensions) such that when they are loaded beyond a certain 
amount, the elements will tend to deform with a concomitant austenife to sfress-induced- 

1 5 martensite phase change, instead of merely presenting a greater resistance or force with 
limited deformation to the toad, which is seen with conventional metals. 

Just as the stress strain curves of shape memory altoys present a plateau upon 
loading, they also present a plateau in the stress strain curve upon untoadang. Untoading 
occurs when an element made of superelastic shape memory alloy is permitted to revert from 

20 a significantly deformed shape toward its original unstressed shape. Because of the plateau, 
such an element can maintain an almost constant force during much off the untoacSng cycle 
until just before it is completely unloaded. 

One form of the present invention provides a surgscal insfftimetft which enables the 
passage of a ligature around a bone, blood vessel, or other such body msrrfo^r, or th® 

25 grasping of such a body member, without requiring the surreal instrument to be sweptt over a 
wide angte off motion. Th® apparatus includes a cannula and, within the cannula, a member 
which m f£ ten^ psrtty e^ff^ructed of an elastic material, prefferabSy a pseudoelastsc material 
and [p^^rgibfy a p§®udoelastic shape memory altoy, such as those disclosed in U.S. 
Patera M®. 4.@S5.S0® to Jervis. dated May 19, 1987, and U.S. Patent No. 4,505,767 to Guin, 

30 dated M&ff^ft 1®, 1888, wfaceh are preferred for all forms of this invention and whech are 
incorporated herein by reference. 

Although the foltewirtg detailed description and the accompanying Figures illustrate 
the cannula as having a straight shape, and the elastic member as bsang hetd therein in a 
straightened configuration, if will be understood that the cannula may advantageously be 

35 formed with any desirable shape, such as an arc. and that the elastic member may take on any 
desirable shape upon extrusion from the cannula. 

The straight cannula and curved elastic members are used as examples, only, and 
should not be interpreted to lamit the scope of this invention. If will also be understood that 
although the cannula is discussed as being fairly rigid, if may be formed of a plastically 
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deformab!® material, which will altow the surgeon to shape th© instrument to any require 
configurafgon. Th© instrument may also be flexible to be used within th© working channel of a 
flexible endoscope, the lumen of a catheter or to function as a catheter itself. 

Furthermore the elastic member may be coated with a suitable material, such as a 
5 polymer. 

The elastic gnember has a distal end portion with a specific curved shape when not 
subject to mechanical stress. In a first embodiment, the elastic member is of sufficient strength 
and rigidity to enable a surgeon to grasp and manipulate a body structure, such as a bone, 
thereby. In the first embodiment, the elastic member includes a distal end structure which may 

10 be a pointed tip or a structure which serves to protect the patient's body and to prevent 

complete withdrawal of the elastic member into the cannula. As th© elastfe member is dsstalfy 
extended from the cannula, it curves around the body structure sufficiently for grasping and 
manipulating the body structure. 

In a. second embodiment, the elastic member may be of less substantial construction, 

1 5 and its distal end portion is adapted to retain a ligature. In order to pass th© ligature around a 
blood vessel or bone, th© surgeon need only place th® distal ©nd of th® apparatus near th© 
vessel or bone, and extend th© elastic member from th® cannula, without any required lateral 
angular motion of th® cannula. Th© elastic member returns to its specifcc curved shape as it 
extends beyond th© catheter, wrapping itself around th© blood v©ss©l or bon®. Th© Bgature 

20 may then be attached to th© distal end of the elastic member, and th© elastic member may be 
withdrawn into th© cannula, to pull th© ligature around th© v©ss®l or bon®. By pr©-attaching 
the ligatur© to th© elastic member, the ligature may b© passed around th® vessel or bon® 
upon extension rather than retraction of th© elastic member. Th® apparatus may further 
include a means for automattealty attaching th® Egatur® to or unatlaehing th© Bgatur® from th© 

25 elastic member. ■ 

Th® ©lasate mmfe&r, V made of pseudoelastte material, walls not readily bres* during 
repeat©^ m© 9 giro© tmftgH fatigue does not occur under pseudoelastio us® conditions. The 
instruments ©(prases ®v<m though the cannula is not sweptt ©v®r any degree off motion. Th© 
instrum©£n3 ts off u gafffip!® design, and is of relatively low production cost. 

3 0 FIgg. H H -13 iKystm&® a first embodiment of th© pres©na inv®ntson. 

Fig. 1 1 A is a cross-sectional diagram, showing th© elastic member disposed within the 
cannula, in a mod© in whcch th® ©Jastsc member has a distal end structure. 

Fig. 1 1 B is a cross-sectional diagram, showing a mod© in whcch th® elastte member^ 
has a pointed distal tip. 

35 Figs. 12A-B illustrates modes of the elastic member, returning toward a curved shape 

and a corkscrew shape upon extrusion from the cannula, respectively. 

Figs. 13A-C illustrat® Bnear, lateral, and axial manipulation of a bon®. 
Figs. 14-112 illustrat© a second embodiment off th® present invention. 
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Rg. 14 is a cross-sectional diagram, showing the elastic member fully disposed within 
the cannula. 

Figs. 15A-B show alternative modes of the ygature retainer. 
Rg. 16 shows extension of the elastic member of Rg. 15A around a blood vessel. 
5 Rgs. 1 7A-F illustrate a means for automatically grasping a ligature which is passed 

around a blood vessel. 

Rgs. 18A-D illustrate an alternative mode of automatically grasping the ligature. 
Rg. 19 illustrates another alternative mode of automatically grasping the ligature. 
Rgs. 1 10A-D illustrate how the apparatus may be used to pass the ligature and 
1 0 automatically tie a half-hitch knot therein. 

Rg. 1 1 1 shows a sfidng sleeve which aids in tying the half-hitch knot. 
Rgs. 1 12A-C illustrate how the apparatus may be used to pass the ligature and 
automatically tie a logger's knot therein. 

Rg. 113 shows a prior art apparatus, and illustrates the wide angle of access needed 
1 5 therefor. 

Rg. 1 13 shows the use of a prior art apparatus 700 for passing a ligature (not shown) 
around a particular blood vessel 703 which is situated among other blood vessels 704. In 
order to place the operative distal end 710 into a position 715 from which the end 710 is 
directly accessible, it is necessary to swing the entire apparatus 700 through a very wide angle 

20 of motion 720. This wide angle requires a very large entry wound 740 through the patient's 
tissues 730. It will be understood that such a wide angle of motion is impossible to achieve if 
the apparatus 700 is being used through an arthroscopic or other small endoscopic surgical 
entry wound 735 through the patient's tissues 730. 

As will be understood from the following description and from the accompanying 

25 drawings, the present invention is an apparatus usable through such a small entry wound. 

In a first embodiment 100, shown in Rgs. 11-13, the present invention includes a 
cannula 10 and a member 12. Although the present invention may be practiced with a 
member 12 which is fashioned of another appropriate material, such as spring steel, the 
preferred material is a pseudoelastic material, preferably a shape memory alloy and in particular 

30 a shape memory alloy that exhibits superelastidty . The member 1 2 will hereinafter be referred 
to as a elastic member 1 2, and its distal segment 14 will be referred to as a elastic <f stal 
segment 14. In a preferred embodiment the member is made of a superelastic shape memory 
alloy and the elastic distal segment 14 has a 

first shape when the alloy of the elastic distal segment 14 is in a substantially austenitic phase 
35 and the distal segment 14 is extended distally from the cannula 10 and is not subject to 

mechanical stress. The elastic distal segment 14 may be mechanically stressed into a second 
shape (i.e.. when the distal segment 14 is held within the cannula 10), wherein at least a 
portion of the alloy has changed to a stress-induced-martensite phase. 
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Flea. 1 1 A-B show the elastic distal segment 14 elastically deformed into a second, 
straight sfo®^ within the cannula to. Fig. 12A shows one mode of the first shape, with the 
elastic (Sstal segment 14 returning toward an arced first shape upon extrusion from the 
cannula 10. Rg. 12B shows an alternative mode of the first shape, wherein the elastic <Sstal 
5 segment 14 returns toward a corkscrew first shape upon extrusion from the cannula. 

As shown in Fig. 1 1 A, the elastic member 12 also includes a proximal segment 16 
which is relatively straight, to aitow its easy insertion into the proximal end of the cannula 10. 

The distal and proximal segments may, suitably, be integrally formed of a unitary wire 
or rod, or the proximal segment may be formed of a different material and coupted end-to-end 

1 0 with a elastic distal segment. If the segments 14 and 16 are formed of a unitary construction, 
the proximal segment 16 does not, preferably, have a curved shape when it is in an 
unstressed condition, unlike the elastic distal segment 14. Although the member 12 is 
referred to herein as a elastic member 1 2, it will be understood that, as explained, only th® 
distal end segment 14 need be elastic. It will be further understood that the cSstal end 

1 5 segment 14 as well as the proximal segment 1 6 may be formed of any suitabte material), which 
may or may not be the same. 

The elastic member 12 may also include a distal end structure 18, as shown in 
Fig. 11 A. The dSstal end structure 18 is a contact or grip means whfch improves th® grip of the 
apparatus 100 upon an object. The distal end structur© 1© also prevent th® compter® 

20 withdrawal of the elastic member 12 through the cannula 10, to preserve the apparatus 100 as 
an integral unit. The smooth surface and shape of the distal end 'structure 18 serve as a safety 
means which helps to reduc© tissue damage upon insertion of the apparatus 100 into a 
wound, or through tissu®, or through an arthroscopic or other such endoscopic surgical entry 
wound. In the ilCustrated ©mbodament, the distal end stfuctur© 18 is suMsnteBy s©mi- 

25 spherical, with a ^am®t©(r roughly equ&S to that of th® canmjfei 10. Thas protects th® patient's 
tissues from th® &turt3 d3^all end of the cannula 10, while also preventing eompiet® withdrawal 
of th® ©dn^Sg msmto 112 from the cannula 10. The <Sstal end structure 18 may b® either 
unifarify ^n^iiny^^l wWfo the elastfc distal segment 14, or may b® formed of a different material 
and e&y^cS ttten^® in any conventional manner. It is to be understood that th® distal end 

30 struc&jr® W cun fiav® arty blunted shape, and may even be spherical or bullet shaped. 

As sftottft? in Rg. 1 1B, the elastic member may have a pointed <Sstal end structure 19, 
which, like the dasfal end structure 13 of Fig. 1 1 A, improves fh® mechanical griping of the 
apparatus upon a boir&® or other obje&. It may be preferred that di&aJ end structure 19 be 
integral with the elastfe member. 

35 The apparatus 100 may, suitably, be further adapted with a harcdte stfu&ur® for 

extending the elastic member 12 through the cannula. In one mode, th® handle structure may 
include a thumb ring 20 coupled to the proximal end of the elastfc member 12, and on® or 
more finger rings 22 coupled near the proximal end of the cannula 10. The surgeon inserts 
the elastic member 12 through the cannula 10 by pressing on the thumb ring 20 while holding 
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the finger rings 22 stationary, and withdraws the elastic member 12 into th® cannula by pulfing 
the thurnS ring 20 in th© opposite direction. Of oourse, other hands© devices ar© within th© 
scop© of all of th© embodiments of this invention, such as a pistol grip, or a sdssor-actfon 
apparatus, or th© like. Withdrawal of the elastic member 12 may be assisted by a spring (nod 
5 shown). 

As shown in Fig. 1 2A, when the elastic member 12 is inserted through the cannula 10 
with motion 24, the elastic distal segment 14 emerges from the distal end of the cannula 10. In 
a preferred embodiment in which superelastic shape memory alloy is utilized, the elastic distal 
segment 14 has its stress-induced-martensite condition at least partially relieved of stress by 

1 0 the absence of any restraining cannula. The altoy of th© elastic d5stal segment 14 undergoes 
at least a partial reversion toward th© austenitic phas©, and th© elastic distal segment 14 
returns toward its first shape with motion 26. 

It will b© understood that the curvature of the elastic distal segment 14 need not 
necessarily be. circular, nor ooplanar with the axis of the cannula 10, within th© scop© of this 

1 5 invention. For example, th© distal segment 14 might b© formed to curve radially about th© axis 
of the cannula upon extrusion therefrom, in a corkscrew fasheon, as shown in Feg. 12B. As will 
be understood, th© elastic distal segment 14 may b® formed to hav® any d©sar@d shap® or arc 
or radius of curvature, to suit th© apparatus for a $v©n purpos®. 

As shown in Figs. 13A-C, th© apparatus 100 may be us©d to manipulate a bon© 3 or 

20 other structure in a patient, or any other suitable object. Th© specific body m©mb©rs which are 
discussed herein are listed solely to aid in the understanding of th© invention, and do not 
affect the scope of the invention. 

It will be understood that th© first embodiment 1 00 may b© constructed in a variety of 
sizes and with an ©lastte member eJ a variety oil lateral! fim©n§5ons i cfl§ss-s®&fon©!l 

25 configurations, and str®ngths, for suitabfi® us© in manipulating a wed® variety off body members 
or other obj©&§. For ©xirop!®, a very smaO apparatus with a vesy thin elastic member may b© 
desirab^em infmimpyte^ircg smaG3 ©r deBcate body members such as imSvsduall n®ffves or terminal 
arteriea Oft th® osft®? hand, a large apparatus with a thick elastic member having great 
strertgafa inr^y b® r©qyiiir®d in order to manipulate a larger body memb©r such as a broken 

3 0 femur, ocr a buby e^pn, e? a prosthesis or other mechanical cb(®&. Also th© apparatus may be 
long and /or flexibfl©, so that it can b© used in th© channel of an ©ndoscep® (rig5d or flexible), 
in the lumen of a cath©t©r, or as a catheter ttseft. 

Th© elastic distal segmerft 14 of th© elastic member 12 may b® inserted if&© ©jt 
wrapped around the body structure 3, and th© apparatus 100 may be mov©d v to martipulat© 

35 the structure 3. Extension of th© elastic member 1 2 into grasping connection with th© body 
member 3 does not require any lateral movement of the apparatus 100, but only requires 
linear insertion of the elastic member 12 through the cannula 10. This permits the apparatus 
100 to be used in closely confined surgical sites, or through a very small surgical opening 
such as may typically be used to gain arthroscopic access to a knee pint, for example. 
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By forming the elastic distal segment 14 to have a non-stressed shape which curves 
in a partteyter (Erection, the apparatus 1 00 may be constructed tor suitable hooking of a body 
member which has a given orientation. With the curvature shown in Fig. 13A, the apparatus 
100 may be suited for linear pulling or pushing of the body structure 3 in the direction 28 
shown. With the curvature shown in Fig. 13B, the apparatus 100 may be suited for lateral 
manipulation of the body structure 3 in the direction 30, as shown. As shown in Fig. 13c. if 
the elastic distal segment 14 curves in a corkscrew shape, the apparatus 100 may be readily 
used to push or pull the body structure 3 along the axis of the body structure 3, in direction 32 
as shown. 

The apparatus 100 may be adapted with a marker 31 , as shown in Fig. 13A, for 
indicating the direction and orientation in which the particular elastic member 12 will curve 
upon extrusion. The marker 31 may be, for example, printed upon the cannula 10, or may be a 
raised or indented portion thereof. As it is desirable that the marker 31 not cause any trauma 
to an entry wound, a printed marker may be the preferred mode. It will be understood that the 
marker may be placed at any desired point along the length of the cannula. For example, a 
marker placed immediately adjacent to the distal tip of the apparatus will Bkely be visabte to an 
arthroscopic surgeon through his or her arthroscopic viewing apparatus. On the other hand, 
or in addition, a marker placed near the proximal end of the apparatus wall remain in plain sight 
during surgery, as it will remain outside the patients body. The apparatus 100 may incfude any 
suitable means for ensuring that the elastic member 12 curve in the iraScated direction. For 
example, the distal segment 16 may be formed of a square cross-section, with the proximal 
end opening (not shown) of the cannula 1 0 being formed of a similar shape, such that the 
elastic member 12 cannot rotate within the cannula 10. Alternatively, the cannula 10 may have 
a peg (not shown) which engages a longitudinal stot (not shown) in the elastic member 1 2, or 
the elastic member 12 may have a peg (not shown) to engage a tongitudinal stot (not shown) 
in cannula 10. 

Fc@§. 14-112 illustrate a second embodiment 200 of the present invention. In this 
emb@^m^rt3 v tSi© ©lassie member 12 need not include a distal end structure, and may be fully 
withdtrs^ffi) itmto th© cannula 10. ARhough the second embodiment 200 is hereinafter 
describe as bsong used for passing a ligature around a btood vessel, it will bo understood 
that the ligature may be passed around any other body structure or other object, within the 
scope of this invention. If the non-deformed shape of the distal segment off the elastic 
member is substantially circular, this has the important advantage that, during extension and 
withdrawal of the elastic distal segment, that portion of the elastic distal segment whfeh is 
already extruded from the cannula and adjacent the Wood vessel will not appfiy any lateral or 
radial forces upon the btood vessel. It will, therefore, be understood that it is advantageous to 
form differing modes of the second embodiment, wherein eacft has an elastic member whose 
distal segment is of a given radius of curvature in its non-deformed first shape. This allows the 
surgeon to select an appropriately sized apparatus for passing a Bgature around any size of 
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blood vessel!, and is within the scop© of this invention. It will b© understood that th® same 
principle appMes equally to th© first embodiment described abov® with regard to Figs. 11-13. 
Also th© apparatus may b© tong and/or flexible, so that It can be used in the channel of an 
endoscope (rigid or flexible), in the lumen of a catheter, or as a catheter itself. 
5 The elastic distal segment 14 of Fig, 1 6 is adapted with a ligature retainer means 34 

which releasably retains the ligature 36. Figs. 15A-B show the ligature retainer 34 as a hook 
and a hole, respectively. In either mod®, the ligature retainer 34 may either be cut into the wire 
of the elastic distal segment 14, or may be bent thereinto by plastically deforming the wire of 
the elastic distal segment 14. Other suitabl© means may b© employed without departing from 

1 0 the scope of this invention. It will b© understood that th© ligatur© retainer 34 may b© fashioned 
in any desired orientation relative to th© plane of curvature of th© elastic (Sstal segment 14. If 
the hook mode of the ligature retainer 34 is used, in order to prevent th© hook 34 from 
catching on the inner lip 33 of th© distal opening of th© cannula 1 0 upon withdrawal, th© Bp 33 
may be rounded off, as shown in Fig. 15A. 

1 5 The second embodiment 200, like the first, may be adapted with at least one marker 

31 for indicating a predetermined direction of curvature of th© elastic member, and with 
suitable handles 20 and 22 or other means for extentSng and retracting the elastic member. A 
spring may be used to assist retraction of th© ©lastic member 12. 

As shown in Fig. 13, upon extrusion from th® cannula 10, th® elastic dstal segment 

20 14 curves around th® vessel § with motion 38. It wil! b® und©rstood that th® elastic distal 
segment 14 need not actuality touch th© vessel §, but is shown in such contact fo<r 
convenience. With th® elastic member 12 wrapped araund th® bteod vessel §, th® figature 
(not shown) may inserted into th® Bgatur© retain®? 34 using iwe®2©rs, forceps, or th® tike. 
Withdrawal of th® ©lastfe $sta8 segmena 14 into th® cannula 10 draws th® Bgatur® around th® 

25 blood vessel § with motion 40. As wiH b® understood, th® Bgatur® may also b® inserted into 

the ligatur® reft&gn®? 34 b^fetr© th® ©lastte distal s©gm®na 14 is passed around th© bteod v©ss©l 

« 

2, in whfefa i^aifts© th© 0©n8uir® is passed around th® btood v©ss©i § upon extension of the 
• elastic eracm^ i § arouirtd th® btood vessel 5 with motion 38, if th® ligatur® retainer 34 is 
approptfte&<% formed). 

3 0 Th<D ap3©ffutug 200 may ^ufih^r b® adapted with means for automating th® Bgature's 

attachment to, or unattachmena from th© elastic member. Figs. 17A-F illustrate on© mod® of 
this means. One end 35 of th® Bgature 38 is coupled to th® cannula 10, for exahrtpS® by being 
tied or otherwise coupled to a post 44. Upon extension from th® canmjla 10, th® ©Hastte (Sstal 
segment 14 curves with motion 38 around th® vessel! 5, as shown in Fig. 17©. Th® elastic 

35 distal segment 14 is constructed such that its return toward the unconstrained first shape 

brings th® tagature retainer 34 into grasping contact with the hetd portion 35 of th© Bgature 36. 
as shown in Fig. 17C. 

Upon refraction, the elastic member 12 draws the ligatur® 38 around th® vessel 5 with 
motion 40 (the reverse of motion 38), and the ligature 38 slides through the Qgature retainer 
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34, as sftowm in Fig. 17D. Upon full retraction, shown in Fig. 17E, the egatur© 36 will b© 
doubled amunri th© vessel 5. If it is desired that only a single loop of Ugatur© 36 pass around 
the vessel 5, this may b© accomplished by simply releasing the trailing end 37 of the ligature 
36, and withdrawing the apparatus 200 until the trailing end 37 passes around the vessel 5, as 
5 shown in Rg. 1 7F. Alternatively, a doubled suture (not shown) can be placed over the post 
and held by the post such that only one strand of the suture is hooked by ligature retainer 34. 

The post 44 in the embodiments shown in Figs. 17, 19, 110, 111, and 112, and the 
loop grabber 42 shown in Figs. 18 and 19, are shown to b© rigidly attached to the cannula 10. 
However, both post 44 and loop grabber 42 could consist of a tongue (not shown) or a cam 

1 0 (not shown) to which sutures may be attached. Such a tongu© or cam would preferably b© 
biased flush with the wall of th© cannula 10 initially, but would b© mechanically forced to 
extend in a direction sideways from the cannula when the elastic member 12 is extended from 
the end of the cannula. In this fashion, a suture would be held against th© wall of cannula 10 
until the elastic member is extended, at which tim© the post and/or loop grabber would extend 

1 5 sideways from the wall off the cannula 1 0 such that the post 44 will hold th© suture in a better 
location for the ligatur© retainer 34, and/or such that th© sutur© can b© attached to th© loop 
grabb©r 42. Upon withdrawal off elastic member 1 2 th© tongas© or cam will preferably return to 
their flush position. It is to b© und©rstood that th© configuration off a pos8 or a loop grabb©r 
can be a tongue, cam or other suitable structur©. 

20 In an alternative mode, the second embodiment 200 may b© fashioned such that th© 

ligature is passed around th© vessel or bone upon extension, rather than retraction, off th© 
elastic member. Figs. 18A-D iltustrat© on© such mod© off th© apparatus 200. A loop 39 is 
formed in th© ligatur© 36, and th© loop 39 is held in th© ligatur© retain©r 34, pref ©rabfiy facing 
in the dire&ion in which th© elastic distal segment 14 wilO curve upon extension from th© 

25 cannula 10. 

Th® cannula] 10 ircsfajd©§ a proximal facing toop grabber 42, wftsch may be a hook. 
Upon ®&®mkm, th® ©lajs&g d3sial segment 14 curves around th© vessel 5 and places th© bop 
39 off Icg^ycn© 3® ©v©ir th© toop grabber 42. Upon refraction off th© elastic member 1 2, th© toop 
grabb§(T.4g prcuv©^ th© Bgatur© r©tain©r 34 from drawing th© toop 39 back around th© vessel 

30 5. If th© Eg&Bup© mMtm 34 is a greov© or hook, th© toop 39 is simpily withdrawn therefrom 

upon retraction off th© elastic member 1 2. If the ligature retainer 34 is a hoi© or ey© t th© ligature 
36 slips therethrough upon retraction of the elastic member 12. Forceps can b© used, instead 
of relying on th© toop grabber 42, to grasp th© Bgatur© 3®, iff desired. In an alt©matf§v© 
embodim©nd t th© ligatur© 36 may b© placed into th© Bgasuir© retainer 34 as a sampS© raised 

35 strand, to b© passed around th© vessel and grasped with forceps. 

Rg. 19 illustrates an equivalent mode of the apparatus 200 which passes the ligature 
36 during extension of the elastic member 12. The toop grabber 42 may be elevated such 
that it has a segment 43 which extends both proximafward and cannulaward. The ligature 
retainer 34 may be formed as an eye, through which the ligature 36 is positioned. The cannula 
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10 may, susia&iy, be adapted with a post 44 to which the Bgature 36 may be anchored, it will be 
underst@@d that, by forming the elastic distal segment 14 to have a curvature upon extension 
such thaft th® ey© 34 is brought into contact with the segment 43 of the toop grabber 42, and 
by exten^ng the elastic member 12 until the eye 34 extends slightly past the segment 43, 
5 the ligature 36 will be forced over the segment 43 as shown. This and other alternative modes 
of the ligature catching means are within the scope of this invention. Alternatively, a doubled 
suture (not shown) can be placed over the post and held by the post such that only one 
strand of the suture is hooked by tigafure retainer 34. 

In any of the modes, the ligature retainer may include two grooves or eyes on 

1 0 opposite ends of a Y-shaped distal end of the elastic member. In such a mode, a segment of 
the ligature may be held between the arms of the Y for presentation to the cannula's hook. 
This may be advantageous if the toop of the ligature is too Gmp to be easily caught by th® 
cannula's hook. If formed as a hole, the ligature retainer may inctude a narrowed, stot-Ek® 
portion at its proximal end, into which the ligature may be wedged. The narrowed portion will 

1 5 provide a tight grip on the loop of ligature during extension about th® vessel, while the larger 
portion of the hole will enable the ligature to easily slip therethrough during refraction of the 
elastic member. These, and various other modifications may be made to the ligature retainer, 
within the scope of this invention. 

As shown in Rgs. 1 10A-D, the second embo^mertf 200 may b® used to create a 

2 0 knot in the Bgature 36. A loop 39 of the ligature 36 is placed around th© cannula 1 0 in the 
following manner, as ©npJained with reference to Rg. 1 1 0A. An end 3S of th® Icga&ur® 36 is 
held at some point toward th® proximal end (not shown) oil th® cannula 10. Th® Kgattur® 36 is 
passed by a firsa ssd® (the far s«d® in Fig. 1 10A) of a post 44, then over the canmda 10 toward a 
second side (th® near ssd® in Rg. 1 10A) of the cannula 10 aft a poiKt (SstaGward from th® post 

25 44. From th©r®, th® flgatuir® 3® is passed around th® canrtula 10 b^sk to th® first §£d®, th© 

around th® po^l 44 praxim&l to toop 39 on the second sid®. Th® traaGng end 37 off th® figature 
36 is titer* <&azm fcQ proaimall end (not shown) ©tf th© apparatus 200 to draw th© 
Bgatyso-SS & §@mswhatfi tight airound th© cannula 10 and post 44. Th® post 44 may 
inclutfo-o 4® to k®®p th® trailing end portion 37 off th® Bgatur® 36 elevated above 

30 th® canrafe H@, feir ®as© off grasping th® ligature 36. Th© cannula 10 may ineCud® an indented 
or grooved segment 4S, to keep the loop 39 of Ggature 36 in a given position about the 
cannula 10. 

As seen in Rg. 1 10IB, with th© apparatus 200 in position aft th® vessel 5. th® elastic 
member 1 2 may b® extended until th© ligature retainer 34 engages th© trasGrtg end portion 37 
35 of the ligature 36. Then, th® trailing end portion 37 aton® may b® drawn amund th® vessel 5 
as shown in Rg. 1 10C. Finally, by sSdang the toop 39 <2staKy off off th® cannula 10, with motion 
50, until the loop 39 passes completely over and around th® Bgatur© retainer 34, th® trailing 
end 37 may be drawn through the toop 39, to form a half-hitch knot as shown in Rg. 1 1 0D. 
The knot may then be tightened, as needed. 
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Ftg. 1 1 1 illustrates th© addition of a sliding sle©v© 52, which slides in and out of th® 
cannula 10. Th® sleeve 52 is disposed within th© cannula 10, and th© elastic member 12 is, in 
turn, disposed within th© sleeve 52. Extension and retraction o< th© elastic member 12 may 
permit th© sle©v© 52 to slid© a short, restricted distance. Th© loop 39 of th© ligature 36 may be 
5 placed over the sliding sleeve 52 rather than over th© cannula 10 itself. Then, after th© trailing 
end 37 has been pulled around the vessel as described above, th© sl@©v© 52 may b© slid into 
the cannula 10, to dislodge the loop 39. In th© final stages of retracting th© elastic member 12 
back into the sliding sleev© 52, the elastic member 12 may engage th© slkSng sle©v© 52 such 
that the sliding sleeve 52 is automatically withdrawn into the cannula 10 and automatically 
1 0 releases the toop 39, if the tolerance between cannula 10 and sBding sleeve 52 is small and 
the toop 39 cannot readily pass between sliding sleev© 52 and cannula 10. . H th® Bgatur® 
retainer 34 is kept within the sleeve 52 during the sliding, th© toop 39 will not catch on th® 
ligature retainer 34. The sliding sleeve 52 may b© biased toward its extended position by a 
spring (not shown). 

1 5 Alternatively , in Figs 1 1 0 and 111, end 35 of ligatur® 33 may b® fastened to post 44. 

Figs. 1 1 2A-C illustrate how th© apparatus 200, with or without th® sliding steev®, may 
be used to form a logger's knot around a vessel 5. Th® ligatur© 33 is loaded onto th® 
apparatus 200 by simply passing a toop 39 of th© ligatur© 33 ov©ir th® ^§tal ©nd of th® cannula 
1 0, and by placing both ends 37 and 35 of th© ligatur© 33 over th® protrusion 43 on th® post 

20 44. The elastic member is extended and retracted, to catch and retri©v© both ©nd§ 35 and 37 
of the ligatur© 38, as described abov©. Then, both ends 37 and 35 off th® Egatur© 38 ar® 
passed around th© v©ss©l 5 and ar© drawn through th© toop 39. Oth©r knots may b® tied 
using th© apparatus 200, within th© scop© of this invention. In all! of th® ©mSodimsnts 
described herein, any suita&S® form of activating means may b® utifiz®d, toir ©xam^S®, syring®- 

25 plung©r mechanisms, sEd®<r mechanisms, scissor ae&on mschartisma, piston grip mechartisms 
or the iak®. 

Viurteu© ®$mr smSiteaitfens may be mad© to th® apparatus, induing thos® 
sug@®^6^ By th® tefltoraing d®scription of a "Suturing Instrument. 

AjnsSter form off th® p;r®g©na invention discloses an apparatus and m®thod whfefi, 

3 0 through fite p^^p®^®^ §3 ©Gustte materials, pr©f ©rabfly ps©udo®l!asfite mn&eriaflg, m^h as 

pseudoelastte shape memotry altoys, overcome th® ptrtoir art* s fis&dvant©g®§ Bsted abov®. Th® 
apparatus is a de65v©ry system for d©Gv©ring, into a d®ep woun^ m Into an arthrogsopie, 
endoscopic, laparoscopic, or other such surgery sit®, a need!® whteh is constructed of an 
elastic mat®riai t pr©f@rab0y a shape memory altoy. Although ps©udo®la^ccity is ©ahabfted in 

35 both linear and non-Gnear variations, th© pr©s©nt invention d@als pr®f®rabSy with 

superelastidty, and further references to materials having this property wilfl simpGy b® 
designated as being °pseudoelastic 0 or having shape memory. It wilH b® understood, 
however, that the present invention may employ any appropriate ©lastte material, preferably 
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shape memory alloy, whether Bnearly or non-linearty pseudoelastic. The term "'needle" as 
used herein includes solid and hollow needles. 

In a first embodiment, the present invention discloses a deep needle delivery 
apparatus, including a longitudinally extending cannula which may be inserted through an 
5 arthroscopic or other such incision or into a deep wound or into a natural body orifice. Inside 
the cannula, the apparatus has a cannula insert member, whose distal end includes a means 
for grasping a needle. The needle is held entirely within the cannula, in a straightened 
configuration. 

Holding the needle within the cannula in a straightened configuration offers two 
1 0 advantages in reducing trauma to the patient's tissues: because no portion of the needle 
extends from the cannula during insertion of the cannula into the patient's body, the 
apparatus will not snag the tissues upon insertion, and because the apparatus has a 
minimized transverse dimension, only a small entry incision or site is required. The minirrized 
transverse dimension may also permit the cannula to be used in a channel of an endoscope 
1 5 (rigid or flexible), in the lumen of a catheter, or as a catheter itself. 

The apparatus includes a minimum of moving parts and is, therefore, both less 
subject to failure and less expensive than prior needle delivery apparatuses. The apparatus' 
simplicity of design results in a unique simplicity of use, as well. 

In a second embodiment, the needle is extruded laterally rather than longitudinally, 
20 which may permit insertion of the needle into otherwise inaccessible portions of a patient's 
tissues. 

In a third embodiment, the apparatus inserts ring dips (solid or hollow) rather than a 

needle. 

Figs. 21 to 26 illustrate the first embodiment of the present invention, which 
25 longitudinally extrudes an elastic needle through the distal end of a cannula. 

Fig. 21 A is a cross-sectional view, showing the elastic needle held inside the cannula 
in a straightened configuration under mechanical stress. 

Fig. 21 B shows partial extrusion of the elastic needle from the cannula, with the 
extruded portion of the needle returning toward its curved configuration by elastic shape 
30 memory. 

Fig. 21 C shows the needle fully extruded from the cannula, and released from the 
cannula insert. 

Figs. 22A-22E show alternative modes of the distal end portion of the cannula insert. 

Fig. 23 is a view of the distal end portion of the cannula insert, showing a raised 
35 release signal tab formed therein. 

Fig. 24A illustrates an integrally constructed mode of the distal end portion of the first 
embodiment, showing the enlarged transverse dimension of the end portion of the cannula 
insert. 
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Rg. 248 shows an alternative, non-integral mode of the distal end portion of the 
cannula Insert, formed of a compressible material. 

Rg. 25 is a view of the distal end portion of the cannula insert, showing an indented 
distal face therein. 

5 Rg. 26 is a cross-sectional view of the proximal end portion of the first embodiment, 

showing a suture retention bobbin within the cannula insert. 

Rgs. 27 to 210 illustrate a second embodiment of the present invention, which 
extrudes the elastic needle laterally rather than longitudinally. 

Rg. 27 A is a cross-sectional view showing a cannula, shaft, and plunger of the 
1 0 second embodiment. 

Rg. 27B is a cross-sectional view of an alternative mode of the proximal end portion of 
the second embodiment. 

Rg. 27C is a cross-sectional view of another alternative mode of the proximal end 
portion of the second embodiment. 
1 5 Rg- 27D is an enlarged cutaway view of the proximal end portion of the alternative 

mode shown in Rg. 27B. 

Rg. 27E is a perspective view of the proximal end cap of the alternative mode shown 
in Rg. 27C. 

Rg. 28 is a cross-sectional view of the distal end portion of the second embodiment, 
20 showing a suture retention bobbin therein. 

Rg. 29 is a cross-sectional view of the second embodiment, taken at fine 9-9 of Fig. 
27 A, showing grooves in the shaft and cannula, and groove engaging tabs in the plunger, for 
causing rotation of the shaft. 

Rg. 210 is a cutaway perspective view of the cfistai end portion of the second 
25 embodiment, showing the unwinding of the curved needle through the aperture. 

Rg. 21 1 A illustrates the present invention being used to deliver the needle to a deep 
wound for suturing. 

Rg. 21 18 illustrates the present invention being used in arthroscopic surgery on a 

knee. 

30 Figs. 212 to 215 illustrate a third emtxxfiment of the present invention, which is used 

to insert ring cfips into tissue to hold a wound closed. 

Rg. 212A is a cutaway view of the third embodiment, illustrating a ring dp held 

therein. 

Rg. 21 2B illustrates extrusion of the ring cfip. 
3 5 Rg. 21 2C illustrates an alternative mode of the third embocfiment, adapted for use 

with an extended ring clip which is held therein. 

Rgs. 213A and 213B, and 213C and 2130, illustrate a marker which indicates a first 
and a second direction of extrusion of the ring clip, respectively. 
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Fig. 214 is a cross-sectional view of another alternative mode of the third 
embodiment, adapted for serial extrusion of a plurality of ring clips held therein. 

Fig. 21 5A illustrates yet another mode of the third embodiment, with the plurality of 
ring clips held in a magazine. 

Fig. 21 5B illustrates an internal piston return spring. 

Fig. 21 6A illustrates manipulation of the extended distal segment of the ring clip of 
Fig. 21 2C. 

Fig. 21 6B illustrates the severing of the extended distal segment of Fg. 21 6A. 
Figs. 21 7A-217C illustrate various modes of a ring clip. 

Figs. 21 A to 21 C illustrate the first embodiment of the present invention, a deep 
needle suturing apparatus 1 00. The apparatus 1 00 has a cannula 1 1 and a needle deBvery 
member which is a cannula insert 12. Although the drawings and this description specifically 
show a cannula 1 1 and cannula insert 12 which are straight and which may be assumed to be 
rigid, the cannula 1 1 and cannula insert 12 may be curved, or may even be deformabl© to 
some degree, within the scope of this invention. For example, they may be flexible and/or 
long enough for apparatus 100 to be used within a channel of an endoscope (flexible or rigid), 
in the lumen of a catheter, or as a catheter itseff. 

The cannula insert 12 has an outer dimension which adorn it to fit coaxially within the 
cannula 1 1 and move longitudinally therewithin. The cannula* 1 1 has a proximal end portion 
1 1 p to which are affixed cannula handles 13 which, suitably, may be finger rings into which a 
surgeon may insert his index and middle fingers. The cannula 1 1 has a bor© 111 extending 
longitudinally therethrough. The bor© 1 1 1 extends out the distal end portion 1 id of th© 
cannula 1 1 f to allow a distal end portion I2d of the cannula insert 12 to extend dSstallly out of 
the cannula 11. A cannula insert handle 1 4 is affixed to th© proximal! end portion I2p of the 
cannula insert 12. Th© handU© 14 may, suitably, be a thumS ring through which th© surgeon 
may insert his thum§. By pressing on th© thumS ring 14 and pylBng on th© finger rings 13, the 
surgeon may attend th© eanirtula insert 1 2 through the cannula 1 1 with motion 201 . It will be 
undersfe®^ thaa, within th© scop© of this invention, various oth©r means may b© ©mptoyed to 
extend th® caffmula insert through th© cannula. For exampi©, th© apparatus may irtcCud© a 
pistol-grip with a trigg©ir tor extending the cannula insert, or a sdssotr a^con m©chartsm t or the 
like. 

The distal end portion I2d of the cannula insert 12 grasps an elastic needs® 10. In the 
preferred embodiment, the needle 10 is of a pseudoelastte shape memory altoy and has an 
arced shape while the needle's altey is in a substantial^ austenatte phas©, and th© needle 10 
may be stressed into a more straight shape in which the needle's altoy enters an at least 
partially more martensitic phase. When the needle 10 is held entirety within th© cannula 1 1 , as 
shown in Fig. 21 A, the needle 10 is straightened and contains more stress-indyced- 
martensite phase. As the needle 10 is extruded from the distal end portion 1 td of th© 
cannula 1 1 , that portion of the needle 10 which extends beyond the cannula 1 1 returns 
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toward its original shape by a mariensitic-to-austenitjc shape memory phase change caused 
by at Ieas8 partial relief of the stress-induced-martensite in the needle's altoy. 

Th® cannula insert 12 includes a longitudinal bore 112, which may be used to contain 
a suture 9 attached to the needl© 10. Suitably, the bore 1 12 may extend longitudinally 
entirely through the cannula insert 12, to permit an unlimited length of suture 9 to be pulled 
therethrough. Although in Figs. 21 A-21C the suture 9 is shown exiting through th© proximal 
end of the cannula insert and laterally out of the thumb ring 14, the suture 9 may, within the 
scope of this invention, exit the apparatus in a variety of manners. For example, the suture 
may exit through a small apertur© (not shown) in th© sid© wall of th© distal ©nd portion of th© 
cannula insert., in which case bor© 1 12 would not hav© to ©xtend further proximally and the 
proximal portion of cannula insert 12 would be dimensioned such that there would b© room 
for the suture within bore 1 1 1 (i.e., the proximal portion of cannula insert 12 coute hav© a 
smaller transverse dimension than its distal portion, or it may incfiud© a tongttudnal slot foir th© 
suture). Alternatively, the thumb ring may be hollow, and th© suture may pass directly from th© 
interior of the cannula insert into the interior of th© thumb ring, and may exit through an 
aperture (not shown) at some point about the thumb ring. 

The suture may be attached to the needle in a variety off ways. For ©xampS©, th© 
proximal end of the needle may include a holtow orifec® whech may b© crimped down upon an 
end of th© suture. Alternatively, a ferrule may b© us©d to coup!© th© sutur® to th© n©ed£©. Or, 
a small wedge-shaped groove may b© used to pinch th© sutur© into a slot in th© proximal end 
of the needle. If a mor© complex needl© assembly is economically manufacturabi©, it may be 
advantageous to form, into th© proximal ©nd of th© needl©, a longitudinal! stot or hoi© which 
may also communicat© with a transv©rs© stot into which a knotted or th&ftened portion of th© 
sutur© may b© positioned. Or, it may simply suffice to gCy© th© sutur® onto th© n©edt®. 

The distal ©nd portion I2d off th© cannula insert 12 includes a m©ans for holding 15, 
which grips th© n®©dikD 10, ©nd whteh is conn©&ed to th© bor© 1 12. As th© distal ©nd portion 
1 2d is 6tea©0y ®xt©nd£d from th© cannula 1 1 with motion 201 , th© m©ans foir hotdSng 1S 
relens©o tSfiso R®®dC© 10, pemratting th© surgeon to manipulate th© needl© 10 within th© 
pati©^ C§» farm sffieh©s otr perform oth©r procedures. Kow©v©«\ it th© needt© 10 is onfy 
partiafly ©nt®nd§d from th© cannula 1 1 , th© means for hofaSng 1S will not yet hav© r©l©as©d 
the needl© 10, and th© cannula ins©rt 12 and needl© 10 may b© retracted into th© cannula 
with motion 202, to allow repositioning of the needE© 10 in th© patient. 

Figs. 22A through 22E ilfcustrat® various designs of th© means for ftoCdJng 1§ formed 
in the distal end portion 12d of th® cannula in$©rt 12. Th© distal ©nd portion 12d is divided by 
a slot 16 into a plurality of end sections 19. Each end section 19 inefcsdes a tongitucSnal 
groove 17, which runs substantially parallel to the axis of the cannula insert 12. In on© mode, 
shown in Fig. 22A, one stot 16 divides the cannula insert 12 into two end sections 19, each of 
which has a flat surface into which th© respective grooves 17 ar© formed. Th© ©nlargement in 
the slot 16, which is formed by the adjoining groves 17, constitutes th© means for holding 15 
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In other modes, however, a plurality of stots may divide the distal end portion 1 2d into three or 
more end sections 19, as shown in Figs. 22B and 22C. If there are three or more end sections 
19, the grooves 1 7 lie at a centermost point of the wedge shaped end sections 19. It will be 
understood that the exact cross-sectional shape of the grooves 17 is not critical, so tong as 
5 the grooves 1 7 remain well adapted to grasp the needle 10. It will be understood that the stot 
1 6 may merely be a slit cut into the cannula insert 12, if the material of the cannula insert 12 
reacts to the slit by flaring outward to altow later compression of the distal end portion I2d: 

With reference to Figs. 21 C and 24A, it will be understood how the means for holding 
15 grips the needle 10. A proximal, non-piercing end portion I0p of the needle 10 has a 

1 0 transverse dimension 10w, while the means for hotdang 15 has a transverse dimension 15w 
sufficiently larger than dimension 10w to accept the needle 10 without gripping it. The distal 
end portion 1 2d of the cannula insert 12 has a transverse dimenston I2dw perpercgcular to 
the slot 16, and the remainder of the cannula insert 12 has a dimension 12w whcch is smaller 
than dimension 1 2dw. The cannula 1 1 has an internal transverse dimenston 1 1 w, which is 

1 5 sufficiently larger than dimension 1 2w to altow the cannula insert 12 to move freely 

therewithin. However, because dimension 1 1 w is smaller than <3mensaon 12dw, in order for 
the distal end portion 1 2d of the cannula insert 1 2 to fit! within th® cannula 1 1 , th© distal end 
portion I2d must compress. It will be understood that by appropriately sizing various portions 
of the bore 1 1 1 , the distal end portion I2d may b® caused to compress att a determinable 

20 point along the cannula 1 1 . The compression need rcofl occur at the exa^ distal end of the 
cannula. 

Figs. 22A-22E and 24A illustrate embossments of th® compressive <Sstal end portion 
1 2d, in which the distal end portion 1 2d is formed as an integral, unitary member with th© 
cannula insert 1 2. As th® distal end portion 1 2d is drawn into th® cannulu 1 1 , th® end 

25 segments 19 are pressed toward each other, reducing th® widths off th® stots 13, whadht 

causes th® grooves 17 to clamp down on th® needle 10. However, as shown m Fig. 24B, th® 
distal end porttera 12d may sampCy be a separate member mad® of a compresssb!® material, 
such m w elastomer, with or without any stots or end sections, which member is coupled to 
the c^inrafe insert 12. In such a mod®, the entire distal end portion I2d elastiScatty compresses 

30 onto s ne®d£® hetd in its means for hobSng 15. In either mod®, as th® Sstafl ®nd portion I2d of 
the cannula insert 12 is extended distally out of the open end of th® cannula 1 1 , th® distal 
end portion I2d elastically returns toward its original shape, altowing th® need!!® 10 to freely 
slip from the means for holding 15. 

Figs. 220 and 22E may be better understood with reference to Fig. 21 A. fit will be 

35 understood that when the needle 10 is held in the means for hohSng 15, and th® needle 10 is 
disposed entirely within the cannula 1 1 , the elastic properties of th® needl® 10 exert lateral 
forces upon both the cannula 11, and the means for holdng 15. Th® straightened needle 10 
exerts lateral force on the distal end of the cannula insert 12 in th® ^re&ton shown in Fig. 22D 
by arrow 203. The needle 10 has a point which bears on the cannula 1 1 at a location opposite 
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the direction 203. By forming the means for holding 15 in a position radially removed from the 
center mm the cannula insert 12. in direction 203, the needle 10 may be hetd in a tess 
stressed and less straightened configuration, without changing the transverse dimension of 
the cannula 1 1 . 

The slot 16 may be radially removed from the center of the cannula insert 12, as 
shown in Fig. 22E, to divide the distal end portion 12d into two asymmetrical end portions 19. 
A needle 10 held in an orientation so as to curve opposite the direction of arrow 203 
(generally upward in Fig. 22E) will exert a force which is perpendicular to the stot 16 rather 
than along the stot 16. This helps prevent the needle 10 from forcing its way out of the means 
for holding 15 and into another position within the slot 16, and ensures a more firm grasp on 
the needle 10. 

Fig. 23 illustrates a needle release indicator formed in the distal end portion I2d of 
the cannula insert 12. Near the (fistal end of the cannula insert 12, a raised release signal tab 
20Js formed in the distal end portion I2d. A segment 21 immediately proximal to the tab 20 is 
radially indented relative to the tab 20. Although segment 21 is shown in Fig. 23 as having a 
lateral dimension which is smaller than the remaining portions of the cannula insert 12, this is, 
in various modes of the cannula insert 1 2, not mandatory. Foir example, the remaining 
portions of the cannula insert 1 2 may be of smaller, equal, or greater lateral <2mensson than 
segment 21 , so long as the cannula insert 12 remains tongitucSnally movable within the 
cannula 1 1 , and so long as the means for holding 15 remains able to hoCd and release the 
needle 10. 

When the distal end portion I2d of the cannula insert 12 is extended beyond the 
distal end of the cannula 1 1 , at the moment the tab 20 completely exits the cannula 1 1 , the 
distal end portion 12d snaps outward until the segment 21 contacts the cannula 11. This 
produces a tangible otr au^bte signal! to the surgeon, intScatirtg that the cannula insert 12 is 
emerging from the d5§ta0 end of the caifKrcula 1 1 , and, depending on the p!aeement of the tab 
20 relatfv® t@ fh® mean§ for hotding 15, may irtdacat® to the surgeon that the needle 10 has 
just teQtn) m is about to b® t released. It will be understood that, by appropriately sizing various 
segmaMs @ff th® cannula 1 1 and by appropriately placing the tab 20, the release signal may be 
made to eegyir at any given stage of needle extension. In an alternative embodiment (not 
shown), tab 20 can be replaced by one or more elastic tabs directed proximally which spring 
out as distal end portion I2d emerges from the distal end of cannula 1 1 . 

Once the needle 1 0 has been released from the cannula insert 1 2, the surgeon may 
use the needle 10 to insert running stitches or regular stitches into the patient's tissues. 
Once the stitching procedure is finished, the needle 10 must be withdrawn from the patient's 
body with a minimum of trauma to the patient. The apparatus 100 of the first embodiment can 
also be used in the withdrawal of the needle 10. By maneuvering the cannula insert 12 until 
an end of the needle 10 enters the means for holding 15, and then dsstally extending the 
cannula 1 1 onto the cannula insert 12, the surgeon may recompress the distal end portion 



o o 

MP1359COM-US3 

21 

I2d of th® cannula insert 12, which presses the means for holding 15 onto the needle 10. 
Then, by withdrawing the cannula insert 1 2 into the cannula 1 1 , the needle 10 may be 
restraightened and drawn entirely inside the cannula 1 1 . The cannula 1 1 may then be 
withdrawn from the patient's body with an absolute minimum of trauma. This same process 
5 may be used if the needle 1 0 is badly placed when extruded from the cannula 1 1 . The 

surgeon may simply regrasp the needle 10 in the cannula insert 12, retract the needle 10, and 
re-extrude the needle 10 into a better position. The same process may even be used 
repeatedly in the suturing process itself. 

In order to ease the process of manipulating the cannula insert 12 back onto the 

1 0 needle 10 for withdrawal, the distal end of the cannula insert 12 may include a concave face 
22, as shown in Fig. 25. The means fo<r holding 15 enters through th® costal end of the 
cannula insert 12 at the deepest point of the indented face 22. Thus, if th® surgeon 
maneuvers the cannula insert 12 near enough to the needle 10, so that an end of th© needle 
10 is within the indented face 22, during further distalward motion of th© cannula insert 12, 

1 5 the indented face 22 will guide the needle 10 into th® means for hoteSng 15. 

In order to provide a more self-contained apparatus 100. the cannula insert 12 may 
include a means for containing a length of suture. In on© mod©, th® means for containing may 
be a suture release bobbin 25 around which a length of suture 9 is wound, as shown in Fig. 
26. As the surgeon uses th® needle 10 to make stitches in the patient, th® sutur® 9 is pulled 

20 from the distal end of the bobbin 25. By forming the bobbin 25 with a siightfy conical shape, 
the suture 9 may be pulled from th® bobbin 25 with reduced friction. Reducing th® friction 
between the apparatus 100 and th© sutur® 9 is not onSy desirable to mafc® suturing easier for 
the surgeon, but also to prevent accidental movement of a need!® 10 which has been 
released within the patient. Such unwant®d movement might b® "caused by friction between 

25 the sutur® 9 and th® apparatus 100 if th® apparatus 100 is moved otr inadv©rt®nt8y bumped by 
the surgeon 

Rg. §11 1 A shows how th® first embodiment 100 of th© present invention may be used 
to repair Q d®qp wound 4 in tissues 3 and 5. Th© surgeon positions th® apparatus 1 00 near 
th© w&yHfi^l to b® repaired, and ®xtfud®§ th® needl® 10 from th® apparatus, as described 

30 above. Tho n®edS®'s parting <3stal end I0d first p:®rc©s th® tissu® 5 on on® §£d® off th® 
wound 4. Then, as th® needl® 10 is further extruded from the cannula 11, th® needle 10 
returns toward its unstressed shap®. This curves th® n®edl® 10 through th® tissu® 5 beneath 
or near the bottom of th® wound 4. Th® piercing d&tal end 10d off th® n®©dte 10 eventually 
penetrates and then protrudes from th® tissu® 3 at th® opposite sid® of th® wound 4. Th® 

35 distal end I0d of the needle may then be grasped to pull the needl® through th® tissue 5 and 
3 to draw the suture across the wound 4. Knots may then b® tied in th® sutur©, or the needle 
10 may be repeatedly withdrawn and extruded from the apparatus 100 to form muRipJ® 
stitches. The means for holding 15 may be used to grasp the costal end I0d of the needle 
during this process, in the same manner described above for withdrawal of the needle 1 0. 
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After th® dastal end iQd emerges from the tissue 3. the surgeon may grasp the distal end lOd 
in the cannula insert's means for holding, as described. Th© surgeon may then pull th© 
needle 10 and suture through th© tissues 5 and 3. Th® surgeon may release the needle 10, 
then grasp its proximal end 10p in the means for holding and partially or fully resheath the 
5 needle 10 inside the cannula 11 preparatory to forming another stitch. 

Fig. 21 1B illustrates the first embodiment 100 of the present invention being used in 
arthroscopic surgery to repair a torn meniscus 6 in a knee 7, in much the same manner. It will 
be understood that, because the needle 10 provides its own curving suture path as if pierces 
the meniscus 6. the apparatus 100 ne©d not be swept over any degre© of motion in order to 

1 0 suture the meniscus 6. The apparatus 100 is capable of performing suturing through an entry 
wound which is of a minimal size. Th© entry wound need only be bag enough so that th© 
apparatus 100 may slip inside the kne©. In other words, th© entry wound need only b© as big 
as the lateral dimension of the apparatus 100. 

As shown in Fig. 27A, a second embodiment of the present invention is an apparatus 

1 5 200 which extrudes a needle 10 laterally rather than distally. The second embodiment 200 
includes a cannula 30 which is substantially similar to the cannula of the first embodiment. 
Apparatus 200. which is preferably rigid, can b© long and/or flexible enough for apparatus 200 
to be used in a channel of an endoscope (flexible or rigid), in the lum©n off a catheter, or as a 
catheter itself. However, the second embodiment's cannula 30 do©s not hav© an open distal 

20 end. Rather, the second embodiment 200 extrudes the needle 10 through an aperture 31 
which is located through a side wall off th© cannula 30 near its dista! end. In this application, if is 
intended that the term "adjacent th© distal ©nd°, when applied to th© location off the aperture 
or of other equivalent means, indicates that th® ap©rtur© may open either through the side 
wall of th© cannula or actuality through th© dista! ®nd off th© cannula. 

25 Insid© its distal ©nd, th® cannula 30 includes a pivot 34, about whcch a shaft 29 

rotates. Th© distal ©rtd portion off th® sftafft 29 is a spool portion 2Sd about which th© needle 
10 is wirap&€d. Wftm um$ with th© second embodiment 200, the needle 10 is stressed into 
a moir© 0utfv®d, rather than a more straightened, shape when disposed within the apparatus. 
Relied @tf th<D stress in needl® 10 hetd in th© more curved configuration, then, results in the 

30 needle 10 returning toward its more straight shape which may be a curve suitable for suturing. 

Much off f h© remainder off the shaft 29 includes spiral grooves 27. A pbjnger 28 is 
disposed about the shaft 29 and within the cannula 30, and has tabs 23 which engage the 
spiral grooves 27 off th® shaft 29. When th® pEynger 28 is mov®d into th® canrajla 30, th® tabs 
26 and grooves 27 impart rotating motion 210 to th® shaft 29 and needC® 10. When the 

35 plunger 28 is withdrawn, the shaft 29 rotates in the opposite direction. 

Fig. 29 is a cross sectional view off the apparatus 200, taken across line 9-9 off Fig. 
27A, and illustrates the special relationship between the cannula 30, th® plunger 28 with its 
tabs 26, and the shaft 29 with its spiral grooves 27. As will be understood, a functionally 
identical equivalent may be constructed by affixing the tabs 26 to the shaft 29, and adapting 
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the plunger 28 with the spiral groves 27. As further shown in Fig. 29. the groove-engaging 
tabs 28 ©J the plunger 28 may also extend outward from the plunger 28, and the inner surface 
of the caratula 30 may also be adapted with grooves 72. By forming the grooves 72 in the 
cannula 30 to run substantially linear to the axis of the cannula 30, the plunger 28 will be 
5 prevented from rotating upon insertion into and withdrawal from the cannula 30. 

As shown in Fig. 27B. the tabs 26 may be constructed as a part of the cannula 30. 
The thumb ring 14 is coupled to the plunger 28 by a swiveling means. In one mode, the 
swiveling means may be the simple snap-lock mechanism 28c shown in Rg. 27D, which is 
held in place by an end cap 28b. In this mode, the shaft 29 slidably engages the plunger 28 

1 0 by any non-circular cross-section instead of having spiralled grooves. 

With reference to Figs. 27C and 27E, it will be understood that the exact means for 
imparting rotation to the shaft 29 may be formed in a variety off ways within the scope of this 
invention. For example, the tabs and grooves may be eliminated by simply forming the 
plunger 28 of a spiral-twisted rod of square cross-section, and providing the cannula 30 with 

15 an appropriate end cap 57 which has an opening suited for permitting the pJunger 28 to pass 
therethrough only by appropriate rotation. Other non-circular cross-sections are, of course, 
within the scope of this invention. Again, shaft 29 sBdably engages plunger 28 by any non- 
circular cross-section instead of having spiralled grooves. It is tp be understood that any 
suitable activating means, such as syringe-plunger mechanisms, siadings mechanisms, pistol 

20 grip action mechanisms, scissor action mechanisms or the like can be used to depress 
plunger 28 into cannula 30. 

With reference again to Fig. 27A, the shaft 29 may contain a repository 32 which is a 
means for containing a length of suture 9. The shaft 29 includes a needle stop 24, which 
prevents the needle 10 from rotating backward relative to the shaft 29. In one embodiment, 

25 the needle stop 24 may ssmpfiy be a Bp on one side of the repository 32, whccft Op forms a 
means fotr s&uttirtg @ fwa-pierrirtg end of the needle 10. 

Rg. 2© ilEustrafies an alternative mode of the repository 32. in whcch the repository may 
be a &§§§3in) 33 which mmmm a length of suture. The bobbin 33 rotates freely about the 
shaft §g) rcSln) rrototn 20S. This, too, reduces friction between the suture and the apparatus 

30 200, to prevent unwanted movement of the needle 10 via the sufur©, one© th® needle 10 
has been completely extruded from the cannula 30. 

Fig. 21 0 is a cutaway cross-sectional view of the distal end portion of the second 
embodiment 200, and illustrates the unwinding of the needle 10 through the aperture 31 . 
The aperture 31 must have a cSmension sufficient to altow the needs® 10 1© freely pass 

35 therethrough in its entirety without binding. As the spool portion 29d of the shaft 29 rotates 
relative to the cannula 30, the needle 10 unwinds through the aperture 31 and returns to its 
unstressed shape. If will be understood that the alternative modes shown in Figs. 27B - 27E 
are not complete, and must include appropriate components at their cSstal ends, much like 
those shown in Fig. 27A. 
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As wiU be understood, the second embodiment 200 may be used in a substantially 
similar fashion as described for the first embodiment of the deep needle suturing apparatus 
100 with reference to Figs. 211A and 21 1B, above. The second embodiment 200, however, 
may be used to provide surgical access to various suturing sites not accessible with the first 
5 embodiment. 

In some surgical procedures, stitches are not implanted in a wound. In a third 
embodiment 300 of the present invention, illustrated in Figs. 212A-212C. the unstressed 
shape of the needle may be substantially circular to form the needle into a ring clip 8. Only 
after the wound has healed are the ring clips removed, if at all. 

1 0 Fig. 21 2A shows the third embodiment 300 of the present invention, adapted for 

inserting ring clips 8 (which can be hoi tow or solid) rather than noodles. The third embodiment 
300 includes a cannula or cylinder 35 which is substantially similar to th© cannula of the first 
embodiment. Apparatus 300, which is preferably rigid, can be tong and/or flexible enough for 
apparatus 300 to be used in a channel of an endoscope (flexible or rigid), in the lumen of a 

1 5 catheter, or as a catheter itself. However, the cylinder 35 has an irtiemal dimension which may 
be more similar to the outer dimension of the wire of the ring clip 8 than is th© inner dimension 
of the first embodiment's cannula to the needle. By forming both th© wir© from which th© ring 
clip is made and the internal bore of th© cylind©r to have a non-circular cross-section, the ring 
clip may be prevented from rotating within th© bore. Th© third embodiment 300 further 

20 includes a piston 36, whose transversa dimension is substantially equal to th© inner 

dimension of the cylinder 35. The piston 36 need not necessarily contain any means for 
grasping the ring clip 8, as it is only used to extrude th© ring clip 8 from th© cylinder 35. 
However, adaptations of th© third embodiment 300 which provide means for holding and 
retracting the ring cHp 8, similar to those provided for holding and retracting th© ne©dl© in the 

2 5 first embodiment, ar® certainly within th© scop© of this invention. 

Th© ring clip 8 is <2sposed within the cylinder 35, with its (Sstal end 8d facing toward 
the op®n ^istafl ©nd off th® cylind@r 35. The piston 36 is disposed within th© cylinder 35, with 
the off th© pastotn 36 abutting the proximal end 8p of th© ring clip 8. Insertion of the 

ptstotnt 3® tftmygh th© cylinder 33 with motion 206 expels th© ring c6p 8 from th© cylinder 35 

30 as sho^ft \n Fig. 21 2B. As th© ring cfip 8 is expelled, it returns to its unstressed shap© with 
coiling motion 207, as described above for th© needle of the first embodiment Suitably, the 
ring clip 3 may have an unstressed shape which is substantially circular, in ofider that it may 
pass through a patient's soft tissues with a minimum of lateral pressure, to cause a minimum of 
structural damage to the tissues. 

35 The third embodiment 300 (as well as any of the embossments of this invention) may 

be adapted with at least one marker means 55. The marker 55 may b©, suftabty, a raised or 
embossed portion of the cylinder 35, or may simply be printed thereon. With th© ring clip 8 
loaded into the cylinder 35 in an appropriate orientation, the marker 55 will indicate th© 
direction in which the ring clip 8 will curl when extruded. This aids the surgeon in property 
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clipping a wound. It will be understood that any of the various embodiments described herein 
may ate§ b® advantageously adapted with a suitable marker means. Figs. 21 3A - 21 3B, and 
Figs. 213C - 213D, illustrate proper alignment of the marker 55 indicating two respective 
directions of extrusion of a ring clip 8. The respective positions of the marker 55 in Figs. 21 3A 
5 or 21 3C indicate that the ring clip 8 will exit the cylinder 35 in the direction as shown in Figs. 
21 3B or 21 3D, respectively. Marker 55 may be positioned at any suitable location along the 
cylinder. More that one marker may be present. 

In another mode, shown in Figs. 212C and 216A, the ring clip 8 includes an extended 
proximal segment 49, whose unstressed shape is relatively straight. This proximal segment 

1 0 49 may be grasped by the surgeon in any manner and manipulated, in order to adjust the ring 
clip 8 within the soft tissues. In this mode, the piston 38 has an enlarged diameter and 
includes a bore 37 extending into the piston 36. Adapting the piston 36 with th© bore 37 
allows the third embodiment 300 to contain the lengthened and extended ring clip 8. This 
obviates the need to lengthen the cylinder 35, making th© apparatus 300 easier for th© 

1 5 surgeon to handle. As shown in Fig. 21 6B, after th© surgeon has manipulated th© extended 
ring clip 8, the extended end segment 49 may b© removed by any conventional method, 
such as cutting it off with wire cutters. It will be understood that th© proximal segment 49 need 
not be of an elastic material, but may bs any conventional material affixed to th© elastic 
segment 8 in order to minimize the cost of th© apparatus 300. 

20 The cylinder and piston of th© third embodiment off the apparatus may b© used with a 

variety of different ring dips, such as are shown in Figs. 217A-217C. As shown in Fig. 21 7A, 
the ring clip 8 may b© formed such that, in its unstressed configuration, its distal end 8d and 
proximal end 8p com© into ©nd-to-ertd abutting alignment. Alternatively, as shown in Rg. 
2178, th© ends 8d and 8p may com© into side-by-sid® overlapping alignm©m. Locking of th© 

2 5 ring cBp may b© permitted by having a small barb or barbs (not shown) on ©rtd 8d which fit(s) 
info a recess ojt recesses (also not shown) on end 8p or vie© versa. 

A sEghtfy motSfisd ring clip may include a proximal ooupftng hook 8ph. In such a 
configwte^, in f h© ring clip's unstressed configuration, the hook Sph remains som©what 
separg&i^l tmm th® piercing ©nd 3d, such that th© ring clip does not form a complete circle. 

30 The supg^ofi) may strnss th© ring clap into a tighter arc, and ©ngag® th© hook 8ph with th© 
piercing end 8d, as shown. Th© elasticity in the ring clip 8 will cause th© hook Sph to remain 
engaged under mechanscal stress. Such a mod© of th© ring clip is taught in U.S. Pat©nt No. 
5,002,563 (Pyka ©t al). 

As shown in Fig. 214, th® third embodiment 300 may have a lengthened cyBnder 35, 

35 within which may be disposed a plurality of ring clips 8a * 8n. Injection of th© piston 36 through 
the cylinder 35 then causes serial extrusion of the ring clips 8a - 8n. 

Serial extrusion of ring clips 8a - 8n may also be accomplished by adapting the third 
embodiment 300 as shown in Figs. 21 5A or 21 5B. In this mod®, the third embodiment 300 
includes a magazine 38 which hofcds the plurality of ring clips 8a - 8n. Th® magazine 38 
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includes a magazine spring 39, which presses on the ring cisps 8& - 8n to keepfhem in their 
stressed aired more straightened shape, and which introduces them serially into the cylinder 
35, in position for extrusion by the piston 36. The magazine 38 may be separately attachable, 
and may also be refillable. It will be understood that any suitable means may be used to keep 
5 the plurality of ring clips in any favored orientation, if it is desired that they exit the cylinder 35 
in a predetermined orientation of curvature For exampJe. the ring clips 8a - 8n may be formed 
of a rectangular cross section, or they may be releasably glued together, to prevent their 
rotation, within the magazine 38, away from their preferred orientation. 

The third embodiment 300 may further be adapted with a piston return spring 40, 

1 0 which is compressed upon injection of the piston 36, and which automatically returns the 

piston 36 to a position allowing introduction of the next ring cSp into th© cylinder 35. As shown 
in Fig. 2158, the piston return spring 40 may be disposed within the cylinder 35. In this mode, 
the cylinder 35 includes an enlarged chamber 41 , within which the spring 40 is disposed. The 
piston 36 may include an enlarged segment 42, which is disposed within the cylinder 35, and 

1 5 which is kept inside the cylinder 35 by an end cap 43 on the cylinder 35. This maintains the 
apparatus 300 as a more integral unit, and prevents th© complete withdrawal off the piston 36 
from the cylinder 35. This also allows for a precompressed piston return spring 40 to be used, 
which provides greater return strength and speed for the piston 38. It is to b© understood 
that any of the embodiment off this invention may be activated by any suitabf© activating 

20 means, such as syringe-plunger mechanisms, sEdangs mechanisms, pistol grip action 
mechanisms, scissor action mechanisms or the 8&©. 

A third form of the present invention provides an endoscope or laparoscopic surgical 
device which provides an internal drape, and facilitates tissu© connection. Th© surgical device 
comprises a housing having an axial bor© with a ^s8al depteymena opening; and a barrier 

25 member whech is constrains^© within th© axial bo?©. Th© bmim m©<m§S7 comprises a loop of 
elastically r©coverafe!© mafleriaJ, prefers^ a shsp© memory altey, and a ba/rri^r membrane 
loosely spfwtirtg th© te©£>. R©mot© means ar© provided to proj©& and r®lrm& t and optionally 
to rotate, flto barrier member relatlv© to th© distal ©nd of th© housing. A preferred 
embofijtrbtfQ uses a shap© memory altey material, especially a pseudoelastDC shape memory 

3 0 alloy ma&©ffJaS f and nw© p?©ff©ra&3y a superelastcc shape memory afitey material!. 

Th© barrier member is moveabB© between a first position wh©r©an th© barrier member 
is constrained within th© housing, and a second position wh©r©5n th© bsrri©? merrfb©? is 
extended pas* the distal deployment opening off th© housing, and assum©s an expanded 
shape. In th® expanded shape, th© banier member acts as a surg&si dr&p© artd/or as a 

3 5 surgical collector. The barrier member is preferably moveable to a third possffion wherein the 
barrier member is partially or fuEDy retracted, and at least a portion off it is constrained within the 
housing. 

Fig uro 31 is a view of an unexpanded barrier device (not shown) within a housing. 
Flgutr® 32 through Flgur© 3§ are progressive cross-sectional views through lan© a-a of 
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Flguro 311, showing the us® of th® device of Flgura 31. Th® figures show.'Vespectively, 
Flguiro S3, constrained; Figure 33, expanded (memory); Flguiro 34. pouched; and 
Flguiro 3S, withdrawal configurations. 

Flguir® 3® shows alternate embodiments of th© devic® of Flgyro 31! through line 

5 b-b. 

Flgur® 37 and Flguir® 3S show atternate embodiments of the barrier member in 
the expanded (memory) configuration. 

Flgur© 39 shows cross-sectional embodiments through line b-b of Flgur® 37. 
Figure© 310, 31 n and 312 detail alternate expanded loop configurations. 

1 0 During surgery, especially "least invasive surgery 0 (LIS), it is frequently necessary to 

remove diseased tissue. This tissue may be infected, contain inflammatory secretions (e.g., 
bile), or contain tumor cells. In any of these situations it is desirabl® to perform surgery without 
contaminating surrounding healthy tissues with any of the diseased tissue. Expandable 
internal barriers of this invention minimize or prevent such contamination. The expandable 

1 5 barrier member comprises (a) a flexible membrane which loosely spans (b) a loop of elastically 
deformable material. The elastically deformabl® toop is preferably a pseudoelasfic shape 
memory alloy which defines an expand®*} loop in its °memory° shap®. Th® expandable barrier 
is constrained within a housing, and th® deployment end off th© housing is placed within a 
body. The barrier is deployed from th® housing and expands to its memory shape. 

20 The barrier can be placed under c^seased tissue, so that undesired materials spill into 

the barrier by gravity and/or irrigation fftow, without contaminating surrounding tissues. The 
undesired materials can be aspirated from the surface of the tamer prior to withdrawal of the 
device. Alternatively, the barrier is placed so that it substantially surrounds and encloses the 
diseased tissue and sequesters it from healthy tissue during surgery. Th© tissue sample is 

25 severed (if necessary). In a preferred embodiment, when th® elastically deformable toop is 
first withdrawn ba<& into th© housing, th® barrier membrane remains suspended outside the 
housing. Th© upper ®dg© of th® barrier membrane closes to form a pouch as th® elastically 
defoirmuSto bop i§ retracted into th© housing. Within th© pouch is a tissu© sampfl© or other 
materia vM&i has been enclosed by th© membrane. The housing, barrier and enclosed 

3 0 mat erieb ®m amoved from th© patiena. 

The Flgurog are drawn for purposes off clarity and ar© not drawn to seal®. Like 
numbers represent like structures. 

Flguiro 3D is a lateral external view of a devte® aecofftSng to th® subject invention. 
The housing 10 includes a deployment end US which is inserted into th® patient and which 

35 houses the expandable barrier member (not shown) in a constrained configuration; a shaft 
portion 14 which may be partially or completely inserted within the patient body; and an 
actuator end 1§ opposite the deployment end, which is retained substantial^ outside the 
patient. The housing 10 can be flexible or rigid, and its rigidity can vary atong its length. A 
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remote actuator means 18 is used to project and/or retract, and, optionally, to rotate the 
barrier msm&er relative to the distal deployment opening 24. 

Figures 32 through 3§ show the use of a device of this invention to obtain a tissue 
sample. They are simplified cross sectional representations of the device shown in Flgu^ 
31 , the cross section being taken along One a-a. In use, the device is partially inserted into a 
human or animal patient (not shown). The housing can be inserted directly into a patient, or 
the device can be emplaced using an instrument channel of a standard endoscope, 
laparoscope, catheter, or the like. 

Flgur® 32 shows a cross-section of the device of Flguir® 31 with the expandable 
barrier member 22 in a first, constrained configuration. 

The housing 10 is preferably an elongate sheath, having an axial bore 2© 
therethrough, the axial bore being sized to receive the expandable barrier member 22 in a 
constrained configuration. The axial bore 20 opens to the environment at the deployment 
opening 24. In one embodiment (not shown), the axial bore also opens to the environment 
at the activator opening 28, and access for additional laparoscopic or endoscopic devices, 
and/or fluid access or withdrawal, is provided. A seal (not shown) may be added at the 
activator opening 23, to minimize or prevent fluid (i.e., liquid or gas) leakage. 

The specific configuration and dimensions of the axial bore 2© will vary with the use of 
the device, the parameters of the barrier member 22, and whether access tor additional 
laparoscopic or endoscopic devices is provided. In general the axial tar© 2® will have an 
internal diameter of from less than about 0.3 cm to about 2 cm or greater, ptrefferabfiy from 
about 0.25 cm to about 2.5 cm. In one embodiment (not shown), the axial bore comprises a 
working channel of an endoscope. Such an endoscope can also provide surgscal implements 
such as lasers, scalpels, irrigation and aspiration means, visualization means, and the Rke. 

The outer diameter of the housing 10 will vary with the application, the size of the 
expandable barrier, and whether additional working channels are included in the device. The 
housing to a laparoscope devfe© will have a diameter of from less than about 1 mm to about 3 
cm ©tr @mm<m, preferably from about 0.4 cm to about 1 .5 cm. The length off laparoscopic 
devsc©g rc3Q &d from less than about 1 0 cm to about 30 cm or greater, rratr© generally from 
about 20 cm t@ about 30 cm. The housing 1© of a device intended for endoscopic use will 
have a diameter of from less than about 1 mm to about 3 cm or great©?. The length off 
endoscopic devices will be from less than about 10 cm to about 1 meter or greater. 

The barrier member 22 is extended through the deployment opening 24} remotely. 
The barrier member 22 can be attached through th© actuator opening 2© off th© housing 10 
by a connecting means 2D. The connecting means 2© can be, for exampte, soldered or 
otherwise affixed to the barrier member 22, as shown. Alternatively, it can be a continuation 
of the elastic material used in forming the elastically deformabl© loop §S3. In th© shown 
configuration, the barrier member 22 is attached to the remote actuator means 1© by the 
connecting means 2®. Longitudinal axial movement of the activator means 1© relative to the 
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housing 16 causes the barrier member 22 to be extended from, or retracted ihto, the 
housing 10, via the deployment opening 24. Rotational movement of the activator means 
18 relative to the housing 10 causes the barrier member 22 to be rotated. If rotational 
movement is not desirable, a means to prevent rotation can be employed. 
5 In the depicted configurations, the remote actuator means 18 slidably engages the 

activator opening 26. The remote actuator means 1® can be an extension of the elastically 
deformable loop 36, or of the connecting means 2®, and be substantially independent of the 
housing 10. Alternatively, the remote actuator means 1© can be connected to the 
connecting means 28. 

1 0 The housing 10 includes, or provides integration with, a surgical handling apparatus 

to deploy and retract the barrier member. In one embodiment, as shown, two finger rings 39 
are part of the actuator end ?6. An additional thumb ring 32 is part of the remote actuator 
means 18. These rings are for ease of handling. Knobs or ridges, for example, can be 
provided for ease of integration with a separate actuator means (not shown). Suitable actuator 

1 5 means include slider mechanisms, pistol grip or thumb actuated mechanisms, scissors 

handles, and syringe-plunger mechanisms (similar to the configuration shown in Figui^g 32 
through 33). These and others are well known to th© art. The specific type of actuator 
mechanism is generally determined by the personal preference off the surgeon. 

In use, the deployment end 12, and possibly the shaft portion 14, is inserted into the 

20 patient. The housing can be inserted directly into the patient, or if can be introduced using 
the instrument channel of a standard LIS device. The deployment end 12 possesses lateral 
integrity such that it is not significantly deformed by the pressure exerted by the constrained 
barrier member 22. In a device having a rigid housing (the usual case for a laparoscopic 
device), the deployment end 12 of th© housing can b© integral to the shaft portion 14 of the 

25 housing, such that there is no obvious demarcation between the functional zones. When a 
device of this invention functions as a catheter (typical with endoscopic use) and there is little 
lateral support, the dep&ymerti end D2 may require reinforcement to provide consistent 
construM ©fl the expandable barrier member. 

Th© shaft portion 14 of the housing is located between the actuator (non-inserted) 

30 end U© and th© d©pteym©na (inserted) end 12 of th© devic©. Th© shaft portion 14 of the 

housing may be inserted into th© patient (not shown) partially or completely. The shaft portion 
14 off a device which is used in laparoseopy must hav© sufficient structural integrity that it is 
easily inserted through a surgical opening into th© body of th© patient without undue 
deformation. Materials with sufficient structural rigodaty incfiud© stainless steel and rigid 

35 polymeric materials such as plastics. 

The material of the shaft portion 14, andihe material of the deptoyment end 12, can 
be the same, or can have different physical properties. For example, th© shaft portion 14 of 
an expandable barrier device housing used in endoscopic surgery will generally be flexible, to 
allow insertion through naturally occurring orifices, ducts, and/or passages, or to allow 
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insertion through the working channel of an endoscope. Suitable polymeric material includes 
polytetrafluorethylene, polyurethane, polyethylene, teflon, and the like. The material of such 
a flexibte housing may be reinforced at the deployment end 12 with fibers, rings, or 
longitudinal ribs, for example, to enable it to withstand the forces exerted on it by the barrier 
member 22 while it is constrained within and deformed by the housing. 

The barrier member 22 has two components: the barrier membrane 34, and the 
elastically deformable loop 36. 

When expanded, the barrier member 22 can have a diameter of from about 1 cm or 
less to about 5 cm or greater, more generally from about 2 cm to about 4 cm. The barrier 
membrane 34 spans the elastically deformable loop 3© loosely, forming a rounded plate or 
bowl. The depth of arc described by the barrier membrane 34 when suspended from the 
elastically deformable loop 3® is from less than about 1 cm to about 7 cm or greater. In 
general, the preferred depth of the pouch formed by the barrier membrane 34 will be less 
when the barrier membrane 34 is used primarily as a tissue protecting surgical drape, and will 
be correspondingly greater when the barrier membrane is used as a pouch to collect tissue or * 
to remove tissue in toto from the surgery site. In those embodiments in which a relatively 
deep bowl-like pouch is present, it may be desirable to reinforce the barrier membrane. 
Reinforcing stays or ribs, made of, for exampie, plastic, thickened barrier membrane material, 
or a shape memory alloy, provide reinforcement, and assist the barrier membrane to deploy 
fully into the desired shape. 

The barrier member 22 is compressed and loaded within the axial bore 2©. In this 
constrained configuration, the barrier device can be sterilized, packaged and stored for later 
use. Preferably at least one expandable barrier device is available during surgery: when 
needed, the surgeon can visually assess the size of the barrier member necessary for tissue 
protection and/or collection, and select an appropriate expandable barrier device. 

When constrained , the barrier membrane 34 is collapsed, and may be furled around 
the ete§8feafiy deformed Coop The barrier membrane is preferably made of a flexible and 
imperm§s!&!§ biocompatible material. The composition of the barrier membrane will reflect the 
spedfe ys© of the expandable barrier. The barrier membrane is sufficiently thin that it can be 
folded or gathered, together with the elastically deformable bop, to fit within the axial bore 
20. 

In one preferred embodiment, the barrier membrane material is substantially 
impermeable to body fluids and other Squids, such as normal mtim soCutson, which might be 
present during surgical procedures. The thickness of the membrane is sufficient to provide 
an effective barrier to noxious or contaminated materials such as bile, spoilage from inflamed or 
infected tissues, or tumor cells. Suitable materials include polyethylene, polyvinyl chloride, 
urethane, silicone rubber, and the like. 

In an alternate preferred embodiment, the barrier membrane material is substantially 
impermeable to tissue samples, but is generally permeable to body fluids and other liquids, 



O O ' 

MP1359COM-US3 

31 

such as normal saGne solution, which might be present during surgical procedures, in this 
embodSmsm, the barrier membrane material can be a net, web, or grid. Suitabte materials 
include perforated, webbed or netted polyethylene, polyvinyl chloride, urethane, silicone 
rubber, and the like. A similar construe* can be made of, or contain, shape memory materials. 
5 The elastically deformable loop §3 is a wire, or a strip of elastic material. The term 

-elastic material" is used herein to mean a metallic material that has spring-like properties, that 
is, it is capable of being deformed by an applied stress and then springing back, or recovering, 
to or toward its original unstressed shape or configuration when the stress is removed. The 
elastic material is preferably highly elastic. The material are metalfe. Th© use of metals such as 

1 0 shape memory alloys is preferred. Shape memory altoys that exhibtt pseudoelasticity, in 

particular superelasticity, are especially preferred. The elastic materials her©an exhibit greater 
than 1% elastic deformation, more generally greater than 2% elastic deformation. Preferably, 
the elastic materials herein exhibit greater than 3% elastic deformation, more preferably 
greater than 4% elastic deformation. 

1 5 Figur© 33 shows the device of Figure 33 in an expanded position. The remote 

actuator means 1© has been moved distally along th© axial bor© 2®. Th© elastically 
deformable loop 3© extends past th© confines of th© deployment! opening §4. Once th© 
elastically deformable loop 3S is released from the compression of th© housing 1®, the loop 
regains its unconstrained, memory, shape and the barrier member 22 attains its deployed 

20 configuration. While the elastically deformable loop 3d is shown as generally circular or oval, 
other shapes are also possible. Elliptical, rounded, square, and irregular shapes are also 
possible, and may be desirable for a particular application. 

The barrier membrane 34 is connected to th© elastically d©formabl© loop 3@. As the 
loop expands, the barrier membrane 34 unfurls to form a generaJSy plate-tike or bowl-like 

25 enclosure having a mouth 39. The perimeter, or th© mouth 3®, of th© barrier membrane 341 
is defined by the intersection of the el&stecally deformable loop 3§ and th© terrier membrane 
34. 

Tho more bowl-Bk© configuration, shown in (Pflgyro 33, is generally preferred when 
the d©vfe® is used to collec? or retrieve tissue samples. In use, th© expanded barrier member 

30 22 is suspsirtded internally at or near th© surgical sit©. Th® barri©(r can be manipulated to 

underlie the surgical site, so that fluids or other materials which ar© released at the surgical site 
flow gently downhill into the expandable barrier by means of irrigation flow and/or gravity. 
When the barrier membrane 3d is bowl-tik®, it can substantially contain a tissue sample 40 to 
be excised and removed during surgery. 

35 Flgur® 34 shows the devic© of FBgyino 33 in a pouched configuration, partially 

between the expanded configuration of Flguir® 33 and the withdrawal configuration of 
Figur© 3§. The remote actuator means 1© has been moved proximally along the inside of 
the axial bore 23. The elastically deformable loop 33 extends only partially past the confines 
of the deployment opening 24, and constraining force of th© housing 1© has forced the 
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Th® cautery device can be mad© off any suitable material. Iff th© cautery devtc© is rigid, 
then th® ste® off the cautery device is either limited to the size of the lumen 142, or it 
protrudes from the deployment end of the lumen at all times. However, the cautery wire can 
comprise an elastic material. In a preferred embodiment, the cautery wire is a toop of wire, and 
5 the loop is constrained within the lumen 142 while the expandable barrier device is placed 
within the body. In an alternate embodiment, the cautery wire is a hook-shaped span of elastic 
material which can be linearly constrained within the lumen 142. 

It has been discovered that an improved cautery device can be made of a shape 
memory alloy. The use of an SMA which exhibits pseudoelasticity has th© advantage that the 

1 0 amount of elastic deformation that is availabJe is large compared with that available from many 
other electrically conductive materials. The large amount of elastic deformation of the alloy 
allows the loop to have a small transverse dimension when it is constrained within a housing. 

Flgur® 36<d shows the cautery wire 144 located within the elastically deformable 
loop 136. This arrangement permits the cautery wire 144 to be within th© mouth of the 

1 5 barrier membrane. It also permits the cautery wire and the elastically deformable loop to be 
contained in the same lumen of the housing. The deployment of th© cautery wire can be 
controlled using the same actuator as that which deploys and retracts th© expandable barrter 
element. Alternatively, a second actuator mechanism can be suppSed for deployment of the 
cautery wire. Other embodiments (not shown) include adhering th© cautery wire to the mouth 

20 portion of the expandable barrier, or having the elastically deformabfi® loop itself function as a 
cautery wire, with the barrier membran© being perforated at specific locations to permit 
electricity or heat flow to the tissue. Alternatively, a conductive polymer which can be 
electrically heated from outside the body can b© used to fin© th© mouth portion of th© barrier 
membrane, or th© barrier membran® itseffl can support th© flow of fteat ojt electricity through its 

25 body. Insulation 14© can b© provided within th® housing, for protection off th® housing. 
Flgwo 37 and \FIqw® 3© demonstrate alternative embodiments of th© 
expandable barrier off this invention. 

Rgy&o 37 shows a shallow barrier member 222 wherein th® depth of th© barrier 
membra* 234 is a fraction of th© diameter of th© mouth 23©. Th© connecting means 228 

3 0 fastens %q & circular elastically deformable loop 23§ which forms a closed ring. This type of 
expandable barrier member can function as an internal surgical drape. Th® housing 210 is 
shown. 

Figure 3© shows another embodiment of this invention. Th® barrier member 222 is 
relatively deep: the depth of the barrier m©mbran© 234 is greater than th® diameter of the 
35 mouth 23©. The connecting means 22© ar® wires which ar© continuations off th© elastically 
deformable loop 23d. The elastically deformable loop 23© is retained within an enclosure 
24© formed of the barrier membran© 234. The barrier membrane 234 is preferably folded 
over itself, and self-adhered to form the enclosure 24©. The elastically deformable loop 236 
enters the enclosure through openings 23@. Each end of the elastically deformable loop 
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23® can independently enter the enclosure at opening 2m, as shown. Alternatively, both 
ends of th© elastically deformable bop 23® can enter the enclosure through on© opening 
250, not shown. The elasticity deformable loop 23® slidably engages the toop enclosure 
248: in an especially preferred embodiment, the barrier membrane forms a closed pouch 
5 upon retraction of the elastically deformable bop within the housing when the barrier member 
is used to collect a tissue sample, as shown in Figure 38. 

Also shown in Flgur® 3§ is a cautery wire 2&9 which, when depbyed, is bcated 
proximal the mouth 23® of the barrier member 222. An insulating sheath 2§2 is bcated 
within the axial bore which houses the cautery wire and projects slightly from the distal end of 

10 the housing 210. 

While a self -adhered barrier membrane 234 is shown, alternate embodiments are 
possible. Flgur© 39 presents some of the alternatives in cross-sectional view, the cross- 
section being taken through line b-b of Figure) 37. The barrier membrane 234 can be a 
doubled sheet with the elastically deformable bop 23® between the two surfaces, as shown 

1 5 in Flgur© 39d. The doubled sheet can be self-adhered if desired. The barrier membrane 
234 can include rings 260 formed either of the membrane material or of some other material 
as shown in Flgur® 39k. The barrier membrane 234 can be punctured by the elastically 
deformable loop 23®, as shown in FUguiro 3©@. Alternately, the barrier membrane 234 can 
be affixed to the elastically deformable bop 231 so that sliding of the membrane material over 

20 the elastically deformable bop is substantially impeded (not shown). 

Figures 31©, 311! m<3 312 show some alternate top and sid© views of the 
elastically deformable loop in the expanded, "memory" configuration. Flgtyitro 310 shows a 
closed circular bop 33®, with a connecting means 32®. The housing 31© is shown. The 
elastically deformable loop is flat in side view. Fffgutro 311 shows a circular bop 33®, in 

2 5 which the connecting means 33® is a continuation of the teojp. Th® toop is flat in sad© view, 
and the elastic connecting bar is sharply angled. FfiguFO 312 shows an oval toop 33® in top 
view, in wftfeft th® connecting means 32© is a continuation off th® elastically deformable loop. 
The to@p is curved in sid® view, and th® connecting .bar is gentSy angled. 

Th© devices off this invention, including the housing and th® barrier member, can be 

30 reusable. Preferably the device is disposable or semkfisposabJ®. Th© barrier member and the 
housing are generally disposable, and the remote actuator means is either reused or 
discarded. 

A possibly advantageous variation of this form of th© invention is shown in Flgyor© 
313, which shows an arrangement which can b© used to insert a catch bag through a 
35 trocar entry, deploy the bag, and albw the removal of the insertion d©vte® prior to removal of 
the bag itself. Other devices have not albwed for dissociation of th© bag and insertion 
device. 

The principle feature of this variation is the replacement of the ctosed bop of metal in 
the cuff 44S of the bag by two curved arms 43@, joined in the shaft 41© of the instalment, 
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with their tips masting at the distal portion of the cuff. Also in th© cuff 44® is a drawstring 
looping completely around th© cuff, with ends passing through th© shaft 410 of th© 
instrurmna, and fastened to th© actuation handle 44©, in a manner which lets the drawstring 
move with the arms keeping th© drawstring essentially taut. 
5 . In 't»al insertion of the device is accomplished with the bag 434 disposed around the 

straightened arms 436, all situated in th© instalment shaft 410. 

Separating the ends 491 of the strings 4©® from the insertion tool external to the 
body will allow the insertion tool to be withdrawn. Th© arms 433 will slid© out of th© cuff 448, 
and the drawstring ends 491 will pass through th© shaft 41 0. This will leave th© bag 434 

1 0 behind with the drawstring ends coming out of th© trocar. An internal pressure seal may be 
affected at the proximal end of the shaft 410 or within th© shaft. 

In a fourth form of the present invention, a remotely operated device comprises an 
elongate housing, and an elastic surgical screen which can b© oonstrained within th© 
housing. The surgical screen is deployable from within the housing to assum© an expanded 

1 5 memory shape. In the expanded shape the surgical screen can hav© any off several functions. 
The screen can act as a duct screen, to collect calculi or calculus fragments, and to prevent 
the movement of calculus fragments in an undesired direction. Th© screen can act as an 
emboli screen, to prevent the movement of embofi at or near an operative sat©. Th© screen 
can act as a surgical tool, to hoEd or mairftasn a mass, such as a tissue mass, in a tocafized area. 

20 Generally, the screen is removed from th© patient in its expanded memoiry shape, 

simultaneously removing calcufi or residual cateutas fragments, ©m&ofi or embofi fragments, or 
other internal masses. The surgical screen is preferably moveabte to a third position wherein 
the surgical screen is partially or fully retracted, and at least a portion off it is constrained within 
the housing. 

25 The surgical screens of this invention ar© deployed with racSa* asymmetry from th© 

mouth of th© delivering cath©t©r, and ar© abl© to traverse substantial^ th© ©ntir© width of a 
duct with a screening mparts. Th© elastic scr©©n comprises, for ©xampfl©, on© or more bops 
of elas®@ mua©rtal! f wfrSch may b© partially or completely spanned by a semipermeable material; 
a gra&Mflod s©ri©s off a Coops; or a tassel. Remot© means ar© provided to proj©&, retract 

30 and/oir rotat® th® ser©en means relativ© to th© disfaJ end of th© housang. 

A method of this invention for removing an internal obstruction comprises (a) inserting 
a catheter end beyond an obstruction; (b) deploying a surgacaA screen from th© catheter end; 
and (c) retracting th© surgical screen to r©mov© th© obstruction. 

A further method of this invention comprises (a) inserting a catfr©t©<r ©rtd beyond an 

35 obstruction; (b) deptoying a surgical screen from th© catheter ©rtd; (c) fragmenting th© 
obstruction; and (d) removing the surgical screen to remove obstruction fragments. 

An alternate method of this invention comprises (a) inserting a catheter end beyond 
an obstruction; (b) deptoying a surgical screen from the catheter end; (c) fragmenting the 
obstruction; (d) retracting the surgical screen into the catheter; and (©) removing the catheter. 
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Yet another method of this invention comprises (a) inserting a catheter end beyond 
an obstruction; (b) deploying a surgical screen from the catheter end; (c) fragmenting the 
obstruction; (d) removing obstruction fragments from the operative site; (e) retracting the 
surgical screen into the catheter; and (f) removing the catheter. 
5 Figur® 41s is a side view of an unexpanded screen device within a duct, placed 

downstream from a blocking calculus. Figur© 41 § shows the screen device, the 
deployment end of which has been placed upstream from the blocking calculus. Figur® 
41 e shows a screen device which has been expanded upstream from a blocking calculus. 
Figur® 41 d shows a screen device in place after calculus fragmentation 

1 0 Figur® 42 shows various stages of deployment of a tasseled surgical screen. 

Figur® 43 through) Flguir© 4§ show alternate embodiments of the surgical 
screen portion of a device of this invention. 

The devices of this invention have a variety of potential uses. A surgical screen of the 
invention herein can be used to capture an undesired mass from within a duct, for example, 

1 5 for removing a gallstone from the bile ducts; for removing a kidney stone from the urinary 

system; or for removing an emboli from a blood vessel. Alternatively, the surgical screens can 
be used during an operative procedure, such as to contain or hold a discrete mass for further 
procedures or for removal. For purposes of example only, and not as a limitation, reference 
will be made to calculi produced by a kidney and removed from a ureter using an endoscopic 

20 device. It is to be understood that this is for simplicity of example only, and that the apparatus, 
mechods and teachings will be similarly appBcabi© a variety off uses. 

As used herein, the term "screen" refers to a structure which is screened, perforated, 
tasseled, or sieve-like, or which functions to separate larger particulate matter from smaller 
particulate matter, or, more preferably, to separate solid matter from ftusds. 

25 As used herein, the term "surg&al screen" refers to a screen means which is 

comprised of an elastic material, preferably a shape memory alloy, and more preferably a 
pseudoeteistte shape memory altoy. The surgical screen is compressible for defivery to the 
operaBvo eSt®. The Operative site" can be, for example, a surgical site, a biopsy site, the site 
of an fyftgtepJasty procedure, the site of a diagnostic procedure, and the Bke. Once present at 

30 the op^rsMv® site the surgical screen is deployed from the housing, expands to its memory 
shape, and substantially spans the width of the duct. A tissue °mass° refers to a discrete unit 
of tissue, a calculus, an embolus, a prosthetic devte®, and the Bk©. 

The surgical screen preferably demonstrates radial asymmetry: it is not deptoyed 
radially from the housing opening. When deployed from the catheter, th® surgical screen is 

35 unconstrained, and expands to traverse the duct. In general, at least 30% of the width of the 
duct will be within the perimeter of the surgical screen. More preferably, the surgical screen is 
slightly larger than the diameter of the duct, and gently expands apart against the walls of the 
duct when in the expanded configuration. When the surgical screen is used to localize a 
tissue mass outside a duct, the mass is preferably contained at the surface of the surgical 
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screen. Preferably two or more surgical screen devices of different sizes are available during a 
procedure. When needed, the surgeon assesses the size of screen necessary for tissue 
protection and/or internal mass collection, and selects a screen which has an appropriate size, 
shape and/or filter pore size. 
5 The surgical screen is one or more wire or a strip of elastic material. The term "elastic 

materiar is used herein to mean a material that has spring-like properties, that is, it is capable 
of being deformed by an applied stress and then springing back, or recovering, to or toward 
its original unstressed shape or configuration when the stress is removed. The elastic material 
is preferably highly elastic. The material can be polymeric or metalEc, or a combination of both. 

1 0 The use of metals, such as shape memory alloys, is preferred. Shape memory alloys that 
exhibit pseudoelasticity, in particular superelastidty, are especially preferred. The elastic 
materials herein exhibit greater than 1% elastic deformation, more generally greater than 2% 
elastic deformation. Preferably, the elastic materials herein exhibit greater than 3% elastic 
deformation, more preferably greater than 4% elastic deformation. 

1 5 The surgical screen differs from the prior art in several key aspects. The surreal 

screen is not radially deployed from the housing, nor is ih© housing preferably centered in a 
duct when the screen is expanded, as has been the case in the prior art . Prior art stone 
baskets, for example, provide a radially depbyed basket, into which the stone is snagged. 
Removal of the stone is dependent upon the successful engagement of the cateulus within 

20 the body of the device, so that the calculus is substantially enclosed within the basket. The 
devices require manipulation of the deployed basket, to ensnare the stone for removal. 
Stone removal is directly related to the ability of the operator to snag th© ston® with the 
basket. In contrast, the surgical screen traverses the diameter of a dy<3, and the inserted end 
of the catheter remains near the perimeter of duct. Using a device of this invention, the stone 

25 does not have to be caught within the screen, but is removed at th© surfasc® of the screen as 
the catheter and screen are withdrawn from the duct. This provides mor® control and requires 
less msftipajSatton than prior art devices. The devices of this invention are therefore less likely 
to damiig® dues walls during stone withdrawal than those of the prior art. Devices of this 
inventor ©c® retractable back into the housing for withdrawal, if desired. 

30 Similar numbers refer to similar function throughout the Fig woo. The FlgyroQ are 

drawn for clarity and are not drawn to scale. 

Flgur© 4H shows (1d) the introduction of a surgical screen housing H@, in this case 
a catheter, into the occluded duct H§; placemen® of fh® distal end D? off th® housing 
beyond the cateulus 2®&; deptoyment of the surgScal screen §§; arid fragments 

35 20& of the calculus 20a The calculus fragments §@& can be retracted from the duct with the 
withdrawal of the catheter housing 16. In an alternative embodiment (not shown) the calculus 
20a is retracted from the duct without fragmentation. 

The surgical screen, when expanded, will have a diameter substantially similar to the 
inside diameter of the duct being cleared. For example, when used within a ureter, the 
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diameter o$ th© surgical screen will be from about 1 mm to about 1 cm. When used within a 
bile duc3, th© diameter of the surgical screen will be from about 1 mm to about 1 cm. When 
used within a blood vessel, the diameter of the surgical screen will be from about 1 mm to 
greater than about 5 cm. When used to remove a tissue mass which is not within a duct, the 
5 surgical screen will be from about 1 mm or smaller to about 8 cm or greater. The preferred 
diameter of the surgical screen will vary with the specific application and with the specific 
anatomy of the patient. In general, the diameter of a surgical screen will b© from about 1 mm or 
less to about 5 cm or greater, more generally from about 2 mm to about 3 cm. 

The housing 10 is preferably an etongate sheath, having an axial bore therethrough. 

1 0 The housing 10 can be flexible or rigid, and the rigidity can vary by reason. Standard 

catheters and laparoscopic devices well known to the art are appropriate. The axial bore is 
sized to receive the surgical screen 2S in a constrained configuration. The axial bore opens 
to the environment at the inserted deployment end 17. Opposite the inserted deployment 
end 17 is the actuator end (not shown). The actuator end can include rings, knobs or ridges, 

1 5 for example, for ease of integration with a separate actuator means (rat shown). SuitabJ© 
actuator means include slider mechanisms, pistol grip or thumb actuated mechanisms, 
scissors handles, and syringe-plunger mechanisms. Thes© and others ar® well known to the 
art. The specific type of actuator mechanism is generally determined by the personal 
preference of the surgeon. 

20 The specific configuration and dimensions of the housing will vary with the use of the 

device, the parameters of the surgical screen 29, and whether access for additional 
laparoscopic or endoscopic devices is provided. In general th© axial bor©, into which th© 
surgical screen is constrained, will hav© an internal dismslm off from less than about 1 mm to 
about 2 cm or greater. 

25 The outer diameter of th© housing 10 will vary with th© appEcafen and th© size of the 

expandable screen. Th© housing in an endoscope devtc© wiU hav© a cSameter of from less 
than about 0.7 mm to about 4.5 cm or greater. Th© length of endoscopic devices will be from 
less thsm about 10 cm to about 3 meters or greater. Th© housing in a laparoscopic device will 
hav© a €3&m@ter of from less than about 3 mm to about 1 .5 cm or greater. Th© length of 

3 0 laparoscope devices wiM b© from less than about 5 cm to abo^l 20 cm or great©?. 

Th© end of the surreal screen housing possesses sufficient lat©ral integrity that if is 
not significantly deformed by the pressure exerted by th© constrained surgical screen. When 
an endoscopic device of this invention fu rations as a catheter and th©r© is Ettl© lateral support 
in the main body of the catheter, the inserted end of th© catheter may requir© reinforcement 

35 to provide consistent constraint of the surgical screen element. For example, the surgical 
screen of this invention can be delivered to the operative sit© using th© instrument channel, 
or working channel, of standard endoscopic devices. Such standard endoscope devices 
may also include other devices, especially a laser, tithotriptor, visuat&atton means, or crushing 
stone basket in separate lurrtina. In a device having a rigid housing, such as a laparoscopic 
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remairtd®r of th© body of th© housing. 

As shown in Figure 4§, th© surgical screen is moveable between a first position 
(Flgur® 42a) wherein the screen is constrained within the housing and assumes a 
5 constrained shape, and a second position (Figure 42&, Flguro 4§@ and Figure 42£l) 
wherein the screen means extends past the distal deployment end and assumes an 
expanded memory shape. In the expanded memory shape th© screen means acts as a 
surgical screen. After use, th© surgical screen and th© housing are removed from the patient. 
If desired, th© surgical screen can bs removed in its expanded memory shape, simultaneously 

1 0 removing, for example, calculi or residual calculus fragments. Alternatively, th© surgical 

screen is retracted into the housing, assumes a constrained shape, and is replaced within th© 
axial bore before the constrained surgical screen and th© housing ar® removed from th© 
patient. This method can be used when residual calculus fragments, for example, have been 
removed by irrigation and/or aspiration. 

1 5 Figure 42 shows a longitudinal cross sectional view of a fass©l©d surgical screen. 

As Figure 42d shows, the housing nuo maintains th© constraint surgical screen 112 in a 
compressed configuration. Attached to th© consfrain©d surreal screen 112 is a connecting 
means 1114. The connecting means 114 can be, for ©xampl®, a bar, fl©xibi© wire, sheath, 
and the like. If a guid© wire is to b© us©d t th© conne&irtg means 11114 can ineCud® a tumen for 

20 placement of the guide wir®. Alternatively, a guid© wir© can b© introduced using a separate 
lumen. The connecting means H14 connects the surgical screen to the remof© means (not 
shown) which project, retract, or rotate t h© surgical screen relative to rn® costal deployment 
opening. Figureo 42&, 43@, and 42(3 show th© ©xpand©d surgecal scr©©n 123 in various 
degrees of deploy mens. By varying th© amount of d@pteyrrt®n&, and thus th© hamster of the 

25 surgical screen, <3, th® operator can maximize th® scr®©n5ng effects of th® surgfeal screen 

white mjftim&iftg poft®tfia8a) damsg® to th® duct wall du® to surgical! scre®n expansion, or due to 
th© ttBfcfijirc^ ©ff the ©xpundsd screen from the body. 

(FJgpro 43 shows on© ©mbodim©nt of a surgScall screen 223 of this inv@ntion. 
Thrm otesfe strips or wires form concentric loops in their ©xpand®d configurations. These 

3 0 strips or wif®s form a surg&aH screen ^§ suitable for removal of entire cateuO, or of catculus 
fragments. It will be obvious to on® skilled in the art that while three Coops wft5efa ar® curved 
along their length are pictured, other configurations ar© also appropriate for us® wfth this 
invention. On©, two, four, or more Coops can b© us®& Th© Coops can b® fasrty r©gular (as 
shown), or they can b® eccentric, scalfoped, rounded, oval or irregularly shapsd. Th® degree 

35 of longitudinal curvature, and curvature across the width of th® screen, can b® varied to suit 
the desired application. The loops can be spaced relatively widely, espedaUy wher® an 
unfragmented catculus is to b© removed, or they can be spaced fairty closely together, 
especially where a catculus is to be fragmented and/or catculus fragments are to b© removed. 
A perforated sheet can be suspended across a toop of a multiloop surgical screen, similar to 
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the configuration shown in Flguro 43. Alternatively, a perforated sheet can fee suspended 
between ©ny two loops of a multiloop surgical screen (not shown). 

Fflgyco M shows a side view of a tasseled surgical screen 22S of this invention. 
Enlargements show various end treatments for the tassels. Pictured are (©) an elastic wire 
5 which terminates in a self-closing loop; (&) an elastic wire that terminates in a blunted or 

truncated end; (c) an elastic wire that terminates in a knob of added material, such as a plastic; 
and (d) an elastic wire that terminates in a knob formed of the elastic material itself. Each 
individual strand which makes up a tassel filter can be substantially straight along its length, or 
it can be curved, wavy, or undulating in two or three dimensions. The strands can be 

1 0 substantially similar in configuration, or they can be different 

Flguc® m shows a surgical screen which includes an elastic loop 23©, an elastically 
deformable ring or loop of elastic material, which is spanned by a barrier material 234. The 
elastic loop 236 is preferably pseudoelastic, and more preferably a shape memory alloy. As 
shown, a connector 22© can be used to orient the surgical screen sharply across the duct. 

1 5 The pictured connector 22© is an extension of th® elastic loop §3®. Alternatively, the 
connector 228 can integrate with, but be separate from the elastic loop §3®. 

The diameter of the elastic loop 233 will vary with the (Sameter of duct for which it is 
intended, as discussed above. The depth of arc described by th© barrier material 2M when 
suspended from the memory loop is from less than about 1 mm to about 1 cm or greater. The 

20 surgical screen can provide a sack-like structure which substantially encloses a calculus. The 
calculus can then be removed without fragmentation, or it can be fragmented. If the calculus 
is fragmented, the pieces can be removed within th© surgical screen, they can be aspirated or 
irrigated from the face of the surgical screen, or the surgSca! screen can be retracted and the 
fragments can be washed from the sit© by normal! dyes fluid f tow. 

25 The barrier material is a flexible and bsora^ 

barrier material 234} is collapsed and furted around th© constrained elastic loop 23d. The 
barrier maaeda!! is suffteSen&ty thin that it can be folded, furled, or gathered, together with the 
elastfe 3S@ t to fit within the housing. The composition of th© barrier material will reflect 
the ^p^2S us© ot? th© surgical screen. In one embodiment the barrier material is substantially 

30 permeal&b fEu5ds. In such an embodiment, the barrier material! is a w®§, net or grid, 

perforated sheet, and the Gke, and is substantially permeable to body fluids and other liquids, 
such as normal saline solution or gases, which might b® p^seeKi during surgical procedures. 
Suitable materials include nylon or dacron netting or screen, or a grid oil elastic material!. 

The surgical screen is compressed and loaded within the housing. In this constrained 

35 configuration, the screen device can be sterilized, packaged and stored for later use. The 
screen device (i.e., surgical screen and housing) is preferably a disposable device. 

In one preferred embodiment, a device of this invention comprises (a) a housing 
having a distal deployment opening; (b) a surgical screen which is oonstrasnable within the 
housing, the surgical screen comprising an elastic material; and (c) remote means to project. 
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retract and/or rotate the surgical screen relative to the distal deptoyment opening; the surgical 
screen being moveable between a first position wherein the surgical screen is constrained 
within the housing, and a second position wherein the surgical screen is extended past the 
distal deployment end and assumes an expanded shape. 
5 A device of this invention can be used in a variety of procedures, such as the capture 

an undesired mass from within a duct. For example, a device of this invention can be used to 
remove a gallstone from the bile ducts; to remove a kidney stone from the urinary system; or 
to remove an embolus from a blood vessel. A surgical screen of this invention can be used 
during an operative or surgical procedure, to contain or hotd a discrete tissue body for further 

1 0 procedures or for removal. For purposes of example only, and not as a limitation, reference 
will be methods for removal of a calculus from a ureter, wherein the device housing is a 
catheter. It is to be understood that this is for simplicity of exampfi© only, and that the 
apparatus, methods and teachings will be similarly applicable a variety of such uses. 

In one method, the deptoyment end of a housing containing a surgical screen is 

1 5 partially inserted into a human or animal patient. A gusde wire may or may not be used fotr 
placement of the device. When a guide wire is used, it is introduced into the ureter and 
placed appropriately, e.g., beyond an obstruction. A catheter is slipped over the guide wire. 
The guide wire is then removed, and th© surgical screen is extended beyond the deptoyment 
end of the catheter. The guide wire preferably passes through a separate tum©n in the 

20 catheter. Alternatively, the guide wire can pass through the catheter lumen which houses the 
surgical screen, in which case the connecting means can be tubular and provide an internal 
bore to accept the guide wire. Alternatively, the guide wire can pass through the axial bore of 
the housing adjacent the connecting means, or the guide wire can be introduced through a 
bore or slot within the connecting means. The surgtesl screen cam be radiopaque for ease of 

25 placement at the operative sit©. 

A method for removing an internal obstruction comprises (a) inserting an end of an 
etonga&D toying, sucft as a catheter end, beyond a mass, sucft as a cateulus; (b) deploying a 
$urg&n!) garden from the housing end; and (c) retracting the housing and surgocat screen to 
removo tito muss. Alternately, the cateutus can be fragmented before removal!. Calculus 

30 fragmentatteim can be by, for example, Bthotripsy (ultrasound), msehartieai fragmentation, or 
laser fragmentation. This method comprises (a) inserting a catheter end beyond a mass; (b) 
deploying a surgical screen from the catheter end; (c) fragmenting the mass; and (d) 
retracting the catheter and surgical screen to remove mass fragments. 

Yet another method of this invention comprises (a) inserting a catheter end beyond a 

35 mass; (b) deploying a surgical screen from the catheter end; (c) fragmenting the mass; (d) 
removing mass fragments from the operative site; (e) retracting the surgical screen into the 
catheter; and (f) removing the catheter. The use of this method prevents calculus fragments 
from migrating from the fragmentation site where they cannot be retrieved and can act as 
nucleation sites for further obstructions. Fragments of the obstructing mass which remain can 
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be removed, for example, by flushing the operative site with normal safine or other liquids, by 
aspiration elf the fragments, by mechanical means, or by a combination of means. 

As a separate embodiment of this invention, it has been discovered that stone 
baskets of the prior art can be advantageously made of a shape memory altoy, preferabfy a 
5 pseudoelastic shape memory altoy, and more preferably a superelastic shape memory altoy. 
The attributes of, and processes for obtaining, such shape memory alloys have been 
discussed above. 

Stone baskets use a trap, or cage, effect. They facilitate passage of the obstruction 
(e.g., a calculus or other mass) inside the basket, but then prevent escape of the obstruction 

1 0 when it is in place in the basket. The basket and obstruction are then withdrawn. Prior art 

stone baskets include baskets of helically deptoyed wires (U.S. Patensi 4,347,846, to Dornrtia), 
baskets of flat spring strips (U.S. Patent 4,590,938 to Segura et al.), baskets which facilitate 
the insertion of a prosthesis (U.S. Patent 4,592,341 to Omagari et al.), baskets which ar© 
used to capture and then crush the calculus (U.S. Patents 4,691,705 and 4,741 ,335 to 

1 5 Okada, and 4.768,505 to Okada et al.). 

Stone baskets generally are classed as medical retriever devices. They are adapted 
for delivery and use through a catheter, or through the working channel off an endoscope. 
Stone baskets generally comprise a narrow, etongated sheath; a basket off relatively large 
diameter extendible from the distal end of the sheath and collapsabts when withdrawn into the 

20 sheath; and a remote means to project retract, and/or rotate the basket relative to the distal 
end of the sheath. The basket is defined by a muRipScity of spaced apart, outwardly bowed 
spring arms or wires which extend generally axiaBy from the sheath, and are pined at each of 
the distal and proximal ends of the basket. 

The use of shape memory altoys which exhiMt pseydoel&sttasty in th® stone baskets 

25 of the prior art altow the use of thinner arms (wires or strips, as th® cm® msy be) in the makeup 
of a basket having a desired expanded diameter, or permft a much greater deformation of the 
basket upro depteymerft. This permits the use of catheters or working channels having a 
sigmfeE^uSy decreased Garnet er than those of the prior art. Introduction of a thinner shape 
mem©sy stone basket catheter beyond a cateutus is easier than introducing the stone 

3 0 basket ciflheteirs of the prior art. The increased diamef er and/or thinner wires produce a stone 
basket which is easier to use than those of the prior art. The thinner wires and/or larger 
diameter provide more unimpeded area into which the btecWng cateulus can be captured for 
removal. ' 

In a fifth form of the present invention, a remotely operated device of this invention 
35 comprises an etongafe housing, and a refractor of a shape memory alEoy. Remote means are 
provided to project, retract and/or rotate the retractor means relative to the costal end of the 
housing. The retractor preferably comprises one or more bops of a shape memory material 
The retractor is preliminarily constrained within a housing, such as a laparoscope or an 
endoscope. If is deptoyed from within the housing at an operative site. The retractor is 
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generally used to manipulate organs or other tissues. The retractor can b® replaced within the 
housing. The housing is then withdrawn from the patient. 

Th® shape memory retractor means is a strip or wire of a shape memory material which 
forms one or more loop in the expanded configuration. All or part of the retractor can be 
5 spanned by a semipermeable or permeable membrane. 

Flgur© §11 is a cross-sectional view of a constrained retractor device. Figures 52 
through 56 show alternate top views of expanded (unconstrained) retractor devices. 
Figur@gs 57 through 51 n show alternate side views of expanded refractor devices. 
FIgur®© §12 and 513 show alternate end views of expanded refractor devices. Figures 
10 31 4 and 31 S show alternate cross sectional views of constrained refractor devices, the cross 
section taken along line a-a of FIgyir© 31. 

A remotely operated device of this invention comprises an elongate housing having a 
distal end and a proximal end; a retractor of a shape memory alloy; and remote means to 
project, retract and, optionally, to rotate the retractor means relative to th® dstal end of th© 
1 5 housing. The retractor comprises one or more loops of a shape memory material. A loop can 
be substantially round, oval, or shaped like a teardrop, for exampie, or it can be eccentric in its 
shape. When two or more loops are present, they can be of similar shape, or they can b© 
dissimilar in shape. Two or more fingers or lobes can be present On® or more toop can be 
partially or completely spanned by a membrane. The proximal ends of th© refractor loop can 
20 integrate with, or function as, the remote means to project, retra& and rotat® th© refractor 
means relative to the distal end of the housing. 

The retractor is preliminarily constrained within the housing. Th® retractor is deployed 
at an operative site, where the refractor is used, for ©xamp3®, to manipulate organs or other 
tissues. The refractor can b® moved back to th® preliminary portion, so thgft th® refractor is 
25 again constrained within th® housing. Th® devcc® can then b® r®posatsoned and th® refractor 
redeployed at an alternate sit®, or the housing can be withdrawn from th® patient 

Th® ©perativ® sat® can b®, for example, a surreal sit®, b5opsy sit®, the site of 
diagrtog&g praeedyres, and th® Bke. For purposes of ©xampS® onfiy, and noft as a (imitation, 
ref er®fft@Q rcffl b® mad® to a housing which is a catheter. If is to b® understood that this is for 
3 0 simpSdfy off ©xampte only, and that th© apparatus, methods and teachings will! b® similarly 
applicable to devices in which the housing is, for example, a laparoscopic or alternate 
endoscopic device. 

As used herein, the term "retractor refers to a Cooped retractor means wheeh is 
comprised of a shape memory alloy. Th® retractor is preferably a pseydoeHasffic shape 
35 memory alloy, and most preferably a superelastic sh^e memory altoy. Th® shape memory 
alloy can have a biocompatible coating, if desired. 

The refractor differs from the prior art in several key aspects. Th® elasticity 
compressible refractor material makes use of the property of shape memory to achieve its 
desired effect. Materials which are deformable and which return to a predetermined shape 
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demonstrate shape memory. Spring steel and plastic materials, for example, ran demonstrate 
shape memory. Preferably, the oompressible retractor material is a shape memory altoy (SMA) 
which demonstrates pseudoelasticity when deformed under an applied stress. Articles made 
of a pseudoelastic shape memory altoy can be deformed from an original urtdeformed 
5 configuration to a second deformed configuration. Such articles revert to the undeformed 
configuration under specified conditions, and are saad to hav© "shape memory." 

The use of an SMA which exhibits pseudoelasticity has the advantag© that the 
amount of elastic deformation that is available is larg© compared with that available from many 
other materials. The large amount of elastic deformation of th© elements altows the device to 

1 0 be used to form retractors of relatively large dimension and relatively eccentric shape, while 
simultaneously ensuring that the device has a small transverse dimens&on when th© retractor 
elements are constrained within a housing, allowing th© devic© to pass through small 
passages or surgical entry sites. 

Flguran 91 shows a cross-sectional view of th© distal end of a retractor device of this 

1 5 invention. The retractor 8 is constrained within th® housing u®. Th© d3stal (inserted) 

deployment end 1§ is shown. Remote means to project and retract, and optionally to rotate, 
the retractor is located at the proximal end of th© devfc© (not shown), and is in th© direction of 
the arrow. The housing 10 is preferably an etongat© sheath, having an axial bor© 14 
therethrough. Standard catheters, endoscopic and laparoscope devices well known to the 

20 art are appropriate. The axial bore 13 is sized to receiv© th© retractor © in a constrained 
configuration. The axial bor© 14 opens t© th© environing aft th© deptoymem ©nd 12. 

The specific configuration and dimensions of th© housing vM vary with th© us© of th© 
device, the parameters of th© operative site, th© sas© off th© retra^or, th© mas© off tisau© or the 
prosthetic devic© which is to b© manipulated, and whether ace©s@ for additional laparoscopic 

25 or endoscopic devices is provided within © retiracfcor d©v6c©. In g©n©n}l th© axial bor© 14, into 
which the retractor is constrained, will hav© an internal diameter off from tsss than about 1 mm 
to about! 2 cm otr greater. Th© outer <$ameter off th© housing 1§ walfl vairy with th© appBcafion, 
the c£gmM®v off th© axial bor©, and whether access for actional or a&emat© instruments is 
provide r^ffiw th© housing. For example, th© housing in an endoscopic devcc© will have a 

3 0 diameter etf from less than about 0.7 mm to about 4.5 cm w gtr©at©(r. Th© length off 

endoscopic devices will be from less than about 10 cm to aboutl 3 meters or gr©at©r. Th© 
housing in a laparoscopic devic© will hav© a d5am©3@r off from less than afem^ 3 mm to about 
1 .5 cm or greater. The length of laparoscopic devices will b© from bss than a&out 5 cm to 
about 30 cm or greater. 

35 The end of the refractor device possesses sufficient lateral integrity that it is not 

significantly deformed by the pressure exerted by the constrained retractor. Th© housing 10 
may be rigid or flexible, and its rigidity can vary along its len$h. When an endoscopic device 
of this invention functions as a catheter, and there is little lateral support in th© main body of 
the catheter, the inserted end off th© catheter may require reinforcement to provide 
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during surg&al procedures. In this embodiment, the membrane 12© can be a grid off shape 
memosy material, a net, a web, and the Hke. Suitable materials include perforated, webbed or 
netted polyethylene, polyvinyl chloride, urethane. silicone rubber, and the like. 

Flgur© §§ shows a top view of yet another expanded retractor of this invention. 
5 This retractor 1 0S has two lobes, or finger means 11 1® which fan out upon deployment from 
the housing 116. The space between the fingers is spanned by a membrane 120. 

Flgur© m shows a top view of an alternate expanded retractor of this invention. 
Emerging from the housing 110 is a retractor 1QS which has two bops 11®. As shown, a 
smaller toop 116© is nested within a larger loop 1H8&. In the pictured embodiment, the 
1 0 smaller loop 1 16© is spanned by a membrane 120. It will be apparent to one skilled in the art 
that any number of such loops, in various configurations, whether or not spanned by a 
membrane 12© either across or between loops, can be provided to form the retractor. 

Flguir®3 through 811 show side views of a deptoyed retractor of this invention. 

Flgurd §7 shows a side view of a deptoyed retractor of this invention. The amount 
1 5 of elastic curvature of the retractor 26© is greatest at the base of the retractor, where the 
retractor emerges from the housing 210. 

Flgur© 3® shows an alternate side view of a deptoyed refractor of this invention. 
The amount of elastic curvature of the retractor 2@§ is fairly consistent across the length of 
the retractor 20®. 

20 Flgur© 3© shows yet another side view of a deployed retractor of this invention. 

The retractor 2@© has the smallest radius of curvature at its distal end. 

In Flgyin© 310, the retractor 2@& is substantially straight upon deployment from the 

1 housing 21©. 

Flgutro 31 n shows a retractor 26® which is gently curved. 

25 F3gyir©Q §12 and 3D 3 show alternate end views of an expanded (unconstrained) 

retractor, such as steron by arrow I in FBgyiro §1®. In end view, th® expanded retractor can 
be fltefl. H®^©v®(T t using tfi® shape memory material retractors of this invention, other 
conJEjppgto are possible. Fflgyiro §1 3 shows a retractor which is gently curved across its 
widift. (3103300 3113 shews a retractor 3@U which is asymmetrical: it is flattened on one side, 

3 0 and ojrvod w heofeed on the other side. These configurations find particular application 

when the mass to be gently manipulated by the retractor is substantially parallel to the length 
of the refractor device or retractor housing. As used herein, the term °mass° refers to a tissue 
mass, or to a prosthetic device. Other configurations in ad^tion to th<D flattened salfrouefte, 
and the curved configurations shown in FIgyir©o 313 and 313, will b© readily apparent to 

35 one skilled in the art. For example, the retractor may be sharply angled, or ft may be twisted 
along its length. The retractor may also have curvature in two or more cSrections in any of the 
planes described, such that the retractor may have a zig-zag or undulating appearance. 

The various embodiments shown in Flgwos 33 through §13 can be combined as 
desired. A refractor of this invention can comprise, for example, the three-fingered shape of 
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Flgyso §3, curved along its length as shown in Figuro s®, and curved along its width as 
shown \n Fflgtytre §12. Such a retractor is generally cup-shaped. 

Figures §14 and Si 9 show alternate cross-sectional views of a constrained 
retractor, taken at line a-a of Figure §11 . Figure §114 shows a retractor made of wires 40® 
5 having a circular cross section, the retractor being constrained within the housing 416. 
Figure 313 shows a retractor of strips 49© having an oval cross section. It will be clear to 
one skilled in the art that many other wire or strip cross-sections are equally appropriate for use 
in the retractors of this invention. For exampie, the retractor can be made of a strip member 
which is squared, rectangular, triangular, and the like. A cross-section such as the oval shape 

1 0 of Figure 813 is generally preferred for the retractors of this invention. Such a cross-section 
provides strength upon the application of force which is perpemgcular to the general plane in 
which the retractor is elastically deployed, but provides minimized dimensions and resistance 
upon constraint of the retractor within the housing 410. 

In one preferred embodiment, a device of this invention comprises (a) a housing 

1 5 having an axial bore with a distal deployment opening; (b) a retractor which comprises a bop 
shape, the retractor being constrainable within said axial bor©, and th© retractor comprising a 
shape memory alloy; and (c) remote means to proj©& and retract, and, optionally, to rotate, 
said retractor relative to the distal deptoyment opening. The retractor is moveable between a 
first position wherein the retractor is housed within th® axial bor© and assumes a constrained 

20 shape, and a second position wherein the retractor is extended pass the distal deployment 
end and assumes an expanded memory shape. 

The retractor is compressed and loaded within th© housing. In this constrained 
configuration, the retractor device can b© steriBzed, packaged and stored for later use. The 
retractor device (i.e., retractor, housing, and deployment means) is preferably a disposable 

25 devic©. When needed, th® sus^eon visunliry assesses th© saz© of retractor necessary for 
tissu© mfiftipyteaoa, amS §©fi©^s a retrastor which has an appmpdst© d5amet©r, curvature 
and/@t? m^m^raiifi^. 

te y©Q, th© d®vfe© is partially inserted into a human or animal patient and used to 
man5pufe&9 @ff@ans w tissues at an operative sit©. A guide war© may or may not be used 

30 for plac©m©r^ of th© devJe©. When a guide wire is used, it is introduced into th© operative site 
and placed appropriately. A catheter containing a retractor is sfipped ov©r the guide wire. The 
guide wire is then removed, and the retractor is extended beyond th© deployment end of th© 
catheter. Th© guide wir© preferably passes through a separate tumen in the catheter. 
Alternatively, th© guid© rear© cm pass through th© catheter lumen whfch houses th© retractor. 

35 The retractor can be radiopaque for ease of identification and us© at th© operative sate. 

A sixth form of the present invention provides a sheath-protected blade wherein th© 
sheath is substantially straight. When it is constrained within the sheath, the blade is 
substantially linear. Upon deptoyment from the sheath, the blade is unconstrained, and 
assumes a configuration which is elastically deflected away from the longitudinal axis of the 
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sheatfi. TP*d btede is an elastically deformable material, preferaWy a pseudoelasttc material, 
and nro preferably a shape memory altoy. 

On® or more exposed edge of the elastic blade can provide a cutting edge. Exposed 
surfaces which are blunted can provide a means for manipulation of tissues or artificial 
5 devices. 

Flguir© 81 is an external view of a device of this invention. 

Flgur© 62 and Flgur© 83 are alternate cross-sectional views of a sheath of this 
invention, the cross sections being taken vertically along the longitudinal axis of Figur© 81. 

FlguF® 84 is an alternate cross-sectional view of a sheath of this invention, the cross 
1 0 section being taken vertically along the longitudinal axis. 

Flgur© 8§ is a cross-sectional view of the device of Figure 1 taken across the 
longitudinal axis, along tine b-b of FUguro 81. Flgur© 88 is a cross-sectional view of the 
device of FIguir© 81 taken across the longitudinal axis, along line c-c of FUgyiro 81. 

Flguir© 87 is a cross-sectional view of a cutting edge of a cutting blade of this 
1 5 invention. 

Flguiro 8® through Flguir© 81 § are alternate side views of the device of Flguir© 1 
when the cutting blade is deployed. 

Flgyr© 813 through Flguir© 82® are alternate top views of typical elastic blades of 
this invention. 

20 A remotely operated device of this invention comprises an etongate housing, and an 

elongate blade which can be linearly constrained within the housing. The elastic blade is 
deptoyable from within the housing, and assumes a curved unconstrained shape upon 
deployment Remote means are provided to project and retract, and optionally to rotate, the 
elastic blade relative to the distal end of the housing. Alternatively, remote means are 

25 provided to project and retract the sheath relative to the elastic blade. 

T?i© sheathed bSsd® device of this invention Offers from the prior art in several key 
aspsgS. Tft© sfteafth is substantially straight along its length. When constrained within the 
sh8A!SD;.ttfio ©Oustte bte&D is also substantially straight atong its length. When deployed from 
the eiitocB Aft® ©5as@c &ted® assumes, as much as possible, its ojrved unconstrained shape. 

30 Tfo® off thfe invention are curved (e.g., curled or twisted) atong theor length to a 

greater or lesser degree. The degree of curvature can be consistent atong the length of the 
blade, or the curvature can vary in degree and/or in (Erection. A cutting surface can be 
provided at any desired exposed e<2g© of the blade. When the unesnstrained shape of the 
elastic blade is generally sentitircular (such as shown in Flguro ©§) a cutting surface can be 

35 provided atong the sides of the blade (such as shown in Flgyir©o 813, 814, and 81®). 
Alternatively, a cutting surface can be provided at the tip of the blade (such as shown in 
Fig woo 81 3, 818, and 817) to provide a scalpel which has a cutting surface directed 180° 
from the opening of the sheath. Varying the amount of deployment of the blade varies the 
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cutting angkD, so that a blade can be provided in which the cutting surface is angled from 0° to 
180° o<r grater from the axis of the sheath. 

Th® elastic nature of th® blad® altows for a complete retraction of the blade into the 
sheath for a complete protective enclosing of the blade, protecting both the blade and the 
5 body tissue during both the insertion and removal of the instrument. The sheath not only 
protects the blade but also guides and directs the blade whereby the extension of the blade 
from the sheath can comprise a cutting movement of the blade, rather than merely a means for 
exposing the blade for subsequent manipulation. Th© user, upon selection of the 
appropriate elastic blad© (i.e., a blad© having a desired curvature and position of cutting 

1 0 edge), orients the sheath, and then extends the blad®. Th© blad© is ©xt®nded either by 
moving the blade outward from the sheath, or refracting the sheath relative to th© blad®. 

Similar numbers refer to similar function throughout the Flgwoo. The Fflgyir®Q are 
drawn for clarity and are not drawn to scale. 

Figure §1 is an external view of a device of this invention. The housing 10 is an 

1 5 elongate member, having an axial bore therethrough. The housing has a distal end 112, which 
acts as a sheath for the elastic blade, and a proximal end 14, whach proves integration with a 
means to project and refract the elastic blad© relative to th® disSal end off th® housing 1®. 
Between th© distal end 12 and the proximal end 14 is th© housing tetiy 16. 

Th® housing preferably also includes a remot® mean© US, th© actuation of which 

20 causes the elastic blade to be depbyed from th® housing, or th© housing to be refracted from 
the blade. The remote means 1® can be actuated by arty manual or motorized means (not 
shown). In on® embodiment, as pictured, two finger rings 2® ar® part off th© proximal end 14. 
An additional thumb ring 22 is part oil th® r©mot© means 1©. When th© thum§ ring 22 is 
depressed, th® elastic blad® (not shown) is deployed from th© housing as th© distal end 12. 

25 The pictured rings ar© f©<r ©as© off handSng. AK©mattv®Gy, knobs otr ridges, ffotr example, can • 
be provided for eas® otf inaegiratfon with a separate actuator means (rati shown). Separate 
actuator m^fun© iraksd® sSder mechanisms, pistol grip or t huntb actuated mechanisms, 
sasmm lft&fftd£®s, and pistol-grip mechanisms. These and others ar® w©!0 known to the art. 
The s^D^fiite type of actuator mechanism is generally determined by the personal preference 

30 of th® sufgswi. Th® orientation of the blad© relative to th© actuatotr mechanism can be 
configured to suit th® specific application or th® pr®f®renc® off th® surgeon. 

Th© distal end 12 off th® housing acts as a sheath which constrains the ®lastic blade in 
a substantially Gnear configurate. It possesses sufftcsenft latem! imegiftty than it is not 
significantly deformed by th© pressure exerted by th© constrained el&stfe bted®. When an 

35 endoscopic device of this invention is a catheter and there is Bftte lateral! support in the 
housing body 1®, the distal end 12 of the catheter may require reinforcement to provide 
consistent constraint of the elastic blade (not shown). In a device having a rigid housing, such 
as a laparoscopic device, the distal end 12 of the housing can have th© same physical 
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attributes m the remainder of the housing. Standard endoscope and laparoscopic devices 
well krt&vm to the art are appropriate for use with the elastic blades of this invention. 

The housing body 1® of a device which is used in laparoscope must have sufficient 
structural integrity that it is easily inserted through a surgical opening into the body of the 
5 patient without undue deformation. Materials with sufficient structural rigidity include stainless 
steel and rigid polymeric material such as plastics. The material of the proximal end of the 
housing 14, the material of the housing body 18, and the material of the distal end 12, can 
be the same, or can have different physical properties. For example, the housing body 1® 
used in endoscopic surgery will generally be flexible, to allow insertion through naturally 

1 0 occurring orifices, ducts, and/or passages, or to altow insertion through the working channel 
of an endoscope. Suitable polymeric material includes polytefraftuorethylene, polyurethane, 
polyethylene, teflon, and the like. The material of such a flexible housing may be reinforced at 
the distal end 12 with fibers, rings, or longitudinal ribs, for example, to enable it to withstand 
the forces exerted on it by the elastic blade while it is constrained within, and deformed by. 

15 the housing. 

The specific configuration and dimensions of the housing 1© will vary with the use of 
the device, the parameters of the elastic blade, and whether access for additional 
laparoscopic or endoscopic devices is provided. The housing 16 can be substantially 
uniform along its length, as shown in Rgyro ©1, or it can vary in diameter or shape, as shown 

20 in Flguir© Preferably, the housing ie has a circular cross-seetton. A drcul&r cross- 
section permits delivery off an elastic blade of this invention through a standard laparoscopic 
trocar, or through the instrument channel of a standard endoscopy. However, other cross- 
sections may be preferable, for example, to adapt an endoscopic device to the orifice through 
which it will enter the body. 

25 In general, th® housing in an endoscopic device will hav© m oytsad® cSameter of from 

less th&fi afomtf 0.7 mm t@ ataut 4.5 cm or greater. The length of- endoscopic devices will be 
from ImQ fiw @tm£ 10 ^nt to a&out 3 meters or greater. The housing in a laparoscopic 
devfeo-rcJO ftnv© m cutset diameter of from less than a§out 0.3 mm to afeoua 1 .5 cm or 
grei£c?. Yfoo kmgftfo off laparoscopic devices will be from less than afoout 5 cm to about 30 cm 

30 or gr©n&@{r. 

Flgyro <B2 and FSgwo d3 are alternate cross-sectional views of a device of this 
invention, the cross section being taken vertically along the longitudinal axis of the distal end 

12 of FUgyro it. 

Flgytro ©2 shows th© distal end 112 off a housing It® which is mad® as one unit. 
35 An axial bore 13® runs axially through the housing. At the proximal end 132 of the axial bore 
133, the axial bore can have any convenient size and shap®. In general the axial bore will 
have an internal diameter off from less than about 0.5 mm to about 2 cm or greater. At the 
distal end, the axial bore becomes flattened, and forms the sheath bor© 136 for the 
constrained elastic blade 13§. The sheath bore 134 is sized to sBdably accept the 
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constraint ©lastic blad® 133. and to constrain the elastic blad© 133 in a substantially linear 
configurate. Whan the elastic blade 13© is fully housed within the sheath bor© 134, the 
sheath boy© 134 contains at least those portions of the elastic blade 133 which have cutting 
edges. Preferably the cutting edges of the elastic blade 138 do not touch or rub against the 
sheath bore 134! when stored, or upon deployment or retraction, as such contact can dull the 
cutting edges. 

In general the proximal end 133 of the axial bore 13® will be circular and relatively 
large, to facilitate the loading of th® connecting means 13® and the elastic blade 136 within 
the sheath. A circular conformation is for general eas® of manufacture and handling, and 
alternate conformations can b© used, as desired. The proximal end 132 of the axial bore 
13® houses th® connecting means 13®. The connecting means 13® can b®. for example, 
soldered or otherwise affixed to th® elastic blad®. Alternatively, it can b® a continuation of the 
elastic material used to form th® elastic blade 138. 

Flgypo.®3 shows th© distal end 112 of a housing 110 which is mad® as two units. 
On® unit is a tub® 14® through which extends an axial tor® «. a bushing 143 is fitted 
within the tub®, for example by press fit or by thread. Th® bushing 142 provides the sheath 
bor® 134 for the constrained elastic blade 133. Th® bushing 142 can b® mad® of any 
suitabJ® material, polymeric and/or metalCc. It may bs dssira&J© to pass an electric current 
through th® elastic blad® 139. so than tn© elastic bJad® 13® acts as an ©tectrocautery device. 
In such an embodiment th© bushing can b© a non-conducting polymer, and it can act to keep 
the elastic Wad© 139 electrically insulated from th© housing 11®. Th® elastic blade 133 is 
held for reciprocal motion by th© connecting means 13®. 

iFIgMfo @4 is an aiJemat® cross-sectional view of th® dJstal end 1 12 off a housing 
1 1 0 of this invention, th® cross sectors being taken vertically atong th® CongSudSnaO axis. In 
this ©mbsdim®ra th© housing 1 1® is a mstaJ or plastic tub® which has been flattened at on© . 
end. Th® flattened end provides th© sh®ath bor© 134 in which th® elastic blad® is slidably 
constirgjin^L Th® ©iasfts bJsid® 133 is h©£d for reciprocal motion bylhe connecting means 
13®. 

•2?'®K> fmusssxg 1U® is a tubular structure having a flattened ®nd, as shown in Flguiro 
64, iff. msy to g®g§irgkii> t® proved® a covaring off any suitab!® muter)®! (nod shewn). Th® 
cov®rirtg provides a uniform eut©r dimension for th© device. A covering which provid®s a 
substantially uniform circular cross-section is advantageous iff th® bSsd® dsvic© is to bs 
introduced into th© body through a standard laparoscopic trosair, or through th® instrument 
channel off a standard ©ndosoop®. Th© covering acts to mirtiratiz® th® ©esap® off ftutds (either 
Squid or gas) from th© body. Th® covering can bs mad© off a polymeric material such as 
polyurethan®, polyethylene, and th® Bhe. 

Rguiro is is a cross-sectional view of th® devic© of IFUgaro 8S taken across th® 
longitudinal axis at Bn® b-b. Th® housing 216 surrounds th® axial bor© 23®. Within th© axial 
bor® is th© connecting means 23®. The connecting means 23® can hav® any suitable cross- 
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embodiment, the edge of the elastic material is beveled, and provides a cutting blade. Figure 
6-7 shows a cutting edge which is beveled on both sides. The bevel or bevels can be at any 
appropriate angle from the plane of the blade. When two bevels are present, they can have 
the same angle of bevel, or different angles of bevel. In Figure 6-7, the bevels are 3 and o 
5 degrees from the plane of the blade. Alternatively, only one bevel may be present (not 

shown). The honing of an edge to form a cutting blade is well known in the art. If desired, the 
cutting blade can be serrated. The cutting edge is preferably derived from the beveled elastic 
material itself. However, it may be desirable or necessary to provide a honed blade edge to 
the elastic material. This additional blade can be added mechanically, as shown in Figure 6- 
10 12. Alternatively, two or more elastic materials can be used to form the blade. For example, a 
non-cutting elastic blade can be combined with an elastic alloy blade having a cutting edge. 

Figure 6-8 through Figure 6-1 1 are side views of the device of Figure 6-1 when the 
elastic blade is deployed. A cutting surface can be provided at any desired exposed edge of 
the blade. 

1 5 Figure 6-8 shows an elastic blade 336 which is substantially semicircular upon 

deployment from the housing 310. The degree of curvature can be substantially consistent 
along the length of the blade, as shown, or the curvature can vary, i.e., the elastic blade can 
have a uniform or non-uniform radius of curvature. 

Figure 6-9 shows an elastic blade 336 which describes an S-shaped curve upon 
20 deployment from the housing 310. 

Figure 6-1 0 shows an elastic blade 336 which is twisted along its longitudinal axis 
upon deployment from the housing 310. The elastic blade is shown having a clockwise spiral, 
but counterclockwise spirals, and combinations of the two, are also appropriate for use herein. 
Figure 6-1 1 shows an elastic blade 336 which is sharply curved in the region closest 
25 the housing 310, and substantially linear in the region furthest from the housing 310. 

Figure 6-1 2 shows a standard surgical blade 350, which is attached to a strip of elastic 
material 352 by a mechanical means 354. The standard surgical blade 350 is not curved. 
However, the slip of elastic material 352 is strongly bent, and upon deployment from the 
housing it acts to bend the surgical blade 350 sharply away from the housing 310. 
30 Figures 6-1 3 through 6-19 are each a top view of an alternate elastic blade of this 

invention. 

Figure 6-13 shows a top view of an elastic blade 436 which has one longitudinal 
sharpened (cutting) edge 460. 

Figure 6-14 shows a top view of an elastic blade 436 in which the entire perimeter of 
35 the blade provides the sharpened edge 460. 

Figure 6-15 shows a top view of an elastic blade 436 in which only the most distal 
surface provides the sharpened edge 460. 

Figure 6-1 6 shows a top view of an elastic blade 436 in which only the most distal 
surface provides the sharpened edge 460. The sharpened edge 460 has two angled 
40 sections, 460a and 460b, each of which is angled relative to the longitudinal axis of the blade. 
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Flguro d© shorn an elastic blade 33® which is substantially semicircular upon 
deptoy*?u>fftl from th© housing 31®. Th© degree of curvature can be substantially consistent 
along th® tercgth off th© blade, as shown, or th© curvature can vary, i.e., the elastic blade can 
have a uniform or non-uniform radius of curvature. 
5 Flgur© 6® shows an elastic blade 33© which describes an S-shaped curve upon 

deployment from the housing 31®. 

Fllguir© 810 shows an elastic blad© 33d which is twisted along its longitudinal axis 
upon deployment from th© housing 31®. Th© elastic blad© is shown having a clockwise 
spiral, but counterclockwise spirals, and combinations of th© two, are also appropriate for use 
1 0 herein. 

Figure ©11 shows an elastic blad© 33d which is sharpfy curved in th© region 
closest th© housing 310. and substantially linear in the region furthest from th© housing 
31®. 

FJguiro 312 shows a standard surgical blad© 3S@, which is attached to a strip of 
1 5 elastic material 3§§ by a mechanical means 3§4. Th© standard surgical blad© 33® is noft 
curved. However, the strip of elastic material 3S2 is strongly bertt, and upon deployment! 
from th© housing it acts to bend the surgical blade 3§® sharply away from th© housing 31®. 

Flgyiroo ©13 through SID ar© ©ach a top view of an alternate elastic blad© off this 
invention. 

20 FUgyiro 813 shows a top view of an elastic blad© 433'which has on© longitudinal 

sharpened (cutting) ©dg© 48®. 

FDgtypo 814 shows a top view of an elastic blad© 4S3 m which th© entir© perimeter 
of the blad© provides th© sharpened ®dg® 48®. 

FOgyro 31 S shows a top view off an elastic blad© 4§S in whtah only th© most distal 
25 surface provides th© sharp©n©$ ©dg© 48®. 

FCgyro 818 shows a top vi©w off an elastic blad© 433 in which only th© most distal 
surtax© $mvt$<m «h© slfiii}ffp®n©d ©dg© 48®. Th© sharp©n©d ®<£g® 48® has two angled 
sectfeffio,, 4S@Q and 48S3, ©sch of which is angled r©lativ© t© th© longitudinal axis off th© 
Wad©. Tito ©fftgC©d s&gSom can have any desired degre© of angte relative to th© longitudinal 
30 aris ©5 ttGuo m$ tft® dSsgir©© cJ angt© for ©ach sexton em b© similar to, oir ^ssimilar to, 
that of th© omm Mctton. 

FBgyro 817 shows a top view of an elastic blad© 439 in whceh an outwardSy curved 
surfac® provides th© sharp®n®d ©dg© 48®. 

Flgymo 81© shows a top view of an elastic blad© 4®3 in which an inwardly curved 
35 surface provides the sharpened edg© 48®. 

FOgytro 81© shows a top view of a preferred embo^ment of th© elastic blad© 438 in 
which th® costal perimeter of th© blad© provides th© sharp©nedl edg© 48®, and th© proximal 
edges of th® blad© ar© unsharpened. Th® width of distal section of th® ©lastic blad© 438 is 
somewhat loss than th® width of th© proximal section. Th© <9stal portion of th© elastic blad® 
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having th® sharpened edg© 46© is narrower than proximal unsharpened portion, so that th© 
sharp® n^d edge 4<S© will not touch the sides of the sheath bore. The sharpened edge 460 
is ther@ter® protected during the process of deployment and retraction of the elastic blade 

413©. 

5 Flgur© ©20 shows a top view of an embodiment of the elastic blade 43S in which all 

edges of the blade are unsharpened. This embodiment is preferred when the blade is not 
used to cut tissues, and can function to manipulate tissues or artificial devices. 

The elastic blad© is compressed and toaded within th© sfteath. In this constrained 
configuration, the blad® and sheath can be sterilized, packaged and stored for later use. 

10 In one preferred embodiment, a device of this invention comprises (a) a housing 

having a distal depbyment opening; (b) a curved elastic blad© which is Bnearfy constrainabl© 
within the housing; and (c) remote means to project and retract the elastic blade relative to the 
distal deployment opening; the elastic blade being moveab&e betw©©n a first position wh©rein 
the elastic blad© is Un©arfy constrained within the housing, and a second position whereto the 

1 5 elastic blad© is extended past th© distal deployment end and mmmm a memory shap®. 

In a preferred errfcodsmertt, a blade of this invention comprises an elastically 
deformabl© curved blad®. 

According to a seventh form of th© present invention, it has now been discovered 
that a pivoted two-bladed device, such as a forceps, scissors, snips, and the like, can be 

20 combined with an elastically deformabl© st©m. Remote blad© actuate? means ar© used to 
cause th© blades to splay apart or com® together. An elastic m®rrtb®r and a constraining 
member, for deforming th® elasticity deformabl© stem, ar© pr©§©rtt. Th© elastic member and 
the constraining means ar© tongftu^nalfy sEdabl® relative to on© another, causing th© angular 
deformation off th® ©la^ieallty deformans® stem. 

25 Th® ©tasttei% d®feffmak& . 

linear wft©n K is eotn^raSnsd, and assumes a substantially non-finear shape when it is 
unsM^^nxi^L Witon) & constraining etongat© housing is ptr©s©m and s©rv©s as th© 
cons&cfefifftg ntsm&CT, th© elastic member is moveabJ© b©tw©en a first position wherein the 
©lasffi© (ar£Q{nrt^r is BfftQ^irSy constrained within the housing, and a second position wherein the 

30 ela^te mm&iff Is d®p£oy®d faom th® housing and is unoon^train®^. A&®imaiv©ty f th® 

housing is rrav©a&!® &®fc3®®(f) a first portion wherein th® ©lastfe m®m§®(r is Bnearfy constrains, 
and a second position wh®(r®on th® ©Bastte number is unoanstrainsd. Th® ©SasticaODy 
d©torma&fi® stem, whcch ins£ud©s h® ©lastte m@mb®(r ( assum® a nonBn®air shap®. Th® amount 
of deformation off th© elssttcalty deformabl® stem can b© controlled by adjusting th® amount of 

35 the elastic member which is not constrained by the ebngat® housing. 

If the device do©s not includ© an elongate housing, and in ©mbcdiments in which the 
etangat© housing is present but is not a constraining member, an int©mal constraining 
member is preserft. Th© d©formation of the elastically deformabfi® stem can b© controlled by 
moving th© elastic member befw©©n a first position wherein th© elastic member is Gnearty 
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constrained, and a second position wherein the elastic member is substantially 
unconstrained. Alternately, the deformation of the elastically deformable stem can be 
controlled by moving the constraining member between a first position wherein the elastic 
member is finearty constrained, and a second position wherein the elastic member is 
5 substantially unconstrained. Between the first, constrained, position and the second, 
unconstrained, position, is a range of partial or variable deployment. 

The elastic member is formed of an elastic material, preferably a pseudoe&stic material 
such as a shape memory alloy, which is capable of being greatfy deformed without permanent 
deformation. This provides an improved instrument that can be used in applications in which 
1 0 there is a limited amount of space. The instrument can be operated remotely, and at angles to 
the line of insertion, more conveniently than previous instruments. The instrument , with 
appropriately configured blade edges and/or tips, can be used to grasp, cut, and/or dissect 
tissue. 

A remotely operated instrument of this invention comprises (a) a bladed elemertt 

1 5 having a first pivoted blade, and a second opposing bSade; (b) an elastically deformabfie stem \ 
connected to the bladed element, the elastically deformabie stem irtety^ing an elastic 
member; (c) a constraining member whcch can constrain the elastic mecnnbe? in a substantially 
linear configuration; (d) a blade actuator means for controlling pivotal motion of the pivofable 
blade(s); and (e) a stem deforming means for centreing deformation of the elastically 

20 deformable stem. A separate blade rotator means, for confrol&ng rotation of the plane 
through which the blade(s) are pivoted, is preferably included. 

An alternate remotefy operated instrument of this invention comprises: (a) a bladed 
element, having opposabS© btedes inching a first b3ade wfoteh is mounted for movement 
relative to the second &3&d®; tfto first bited© being moveabS© between a closed position 

25 wherein the axes off tfto btedos substantia^ panned, and an ep^n position, wherein the ' 
axes off tfae bfedes mr© d^feg^ from the parallel; (b) an etasttealty determabll® stem inciting 
an ela^&g msmbetr wWgft te substantially non-linear in its unconstrained shape; (c) a 
com^t^oto) member vM&% constrains the elastic member in a substantially Snear shape; (d) a 
Wad® means, sacd bfede actuator means controlling posftten off the opposing blades 

30 between tlte pogitofn) and the ctesed position; and (©) a §3©m deformation controlling 
means. A rotation means, fotr controlBng the plane off the bSades, is preferably incilyded. 

The elasticalfy defformsbft® stem includes at teisst on© ela^te member wfctaft assumes a 
linear configuration when constrained, and whteh is curved when unconstrained. The elastic 
member is hetd in a constrained configuration by the presence off the constraining member. 

35 Elastic materials which are suitable for use in the elastic member include pseudoelastfc and 
superelastic materials, as described betow. 

When an elongate housing is present and acts as the constraining member, the 
instrument is moveable between a first position wherein the elasticaiSy deformable stem and, 
opfionalGy, the bladed element, are are within the housing, and a second position wherein the 
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bladed element and at least part of the elastically deformable stem are deployed from the 
k housing. The elastically deployable stem includes an elastic member which is curved at a 

2 predetermined angle with respect to the elongate housing when the elastically deformable 

* stem is deployed from the housing. When the housing acts as the constraining member, 

5 varying the amount of deployment of the elastically deformable stem varies the angle of 
presentation of the bladed element. 

In an alternate embodiment, the elastic member is constrained in a linear configuration 
by the action of an internal constraining member, such as an internal constraining rod. 
Movement of the internal constraining member relative to the elastic menr*er causes variable 
1 0 deformation of the elastically deformable stem. An elongate housing may or may not be 
present in embodiments in which an internal constraining member is present. 

The bladed instrument can comprise a grasping device (e.g., a forceps), a cutting 
device (e.g., a scissors), or a dissecting device. 

FIggre 71 shows an instrument of this invention. 
1 5 Figure 72 shows the deployment end of a bladed instrument of this invention. 

Figures 73 and 74 are longitudinal cross-sectional views of alternate elastically 
deployable stems, in longitudinally constrained and longitudinally unconstrained 
configurations. 

Figures 75 through 77 each show alternate views of an elastically deformable stem 
20 of this invention. 

Figures 78 and 79 show alternate elastic members suitable for use in an elastically 
deformable stem of this invention. 

Figure 710 shows alternate views of a device of this invention having two pivoted 
blades, each blade having a longitudinal slot proximal the pivot. 
25 Figure 711 shows alternate views of a device of this invention having two blades, 

two bars, and four pivots. 

Figure 712 shows alternate cross-sections of the device of Figure 71, taken 
through line 12-12. 

Figure 713 shows various blades suitable for use herein. 
30 Figure 714 shows various blade cross-sections, taken through line 14-14 of 

Figure 713. 

A surgical instrument of this invention consists essentially of: a bladed element 
having opposable blades, at least one of which is pivotally mounted for movement; a blade 
actuator means for causing pivotal motion of the pivotable blade(s); an elastically deformable 
35 stem connected to the bladed element; and a variable constraining means for causing 
deformation of the elastically deformable stem. 

The instrument is particularly useful in applications in which access to an object to be 
cut, grasped, or dissected is restricted. For example, the instrument is especially useful in 
medical applications in which the object to be cut, grasped, or dissected is part of a human or 
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animal body. In such appScations, the surgical instrument generally includes or is passed 
through a sheath in th© form of a cannula, catheter, or endoscope. The distal end of th© 
sheath is introduced through an opening into a body cavity, duct, or joint, for example during 
laparoscopic surgery. 

5 The instrument may also be useful in the assembly of mechanical, electrical or other 

equipment, especially when access to the worksite is limited, or when the worksite is located 
at an angle to th© access. 

The instalment includes an elastically deformabie stem, so that the bladed element 
can be variably angled away from th© angle of introduction. When an etongat® housing (e.g.. 

1 0 a sheath) is present, the bladed elements can be arranged such that th© axis on which the 
elements cut, grasp, and/or dissect the object is not coaxial with th© axis of at least a 
significant portion of fh© elongate housing. 

The elastically deformabie stem includes at least one elastic member, which is made 
of an elastic material. Th© elastic member is manufactured in a non-Gnear shape. For ©xampJe. 

1 5 the elastic member is manufactured having on© or more (generally on©) bend, curve or twist. 
The bend, curve or twist can describe any desired angl©. Th© angle described by th© ©Sastic 
member is generally less than 270°, mor© generally less than about 180°. For many 
applications, an angl© of about 90° is preferred. The angl© described by th© elastic member in 
its unconstrained shape is the maximum amount of deformation which can be attained by the 

20 elastically deformabie stem. 

Th© elastic member is d©formed (constrained) from th© bent configuration towards 
th© straight configuration, and h©td in th© straight (constrained) configuration during 
positioning oil th© instrum^na. Pr©f©rab5y, th© bladed element i§ ffulfiy functional when th© 
blades ar© not housed within th© etengat© housing, wh@th©ir or not th© ©lastfealGy deformabie 

25 stem has been deployed. Wh©n th© ©lastically deformabJ© stem is to assume an angled 
(unconstrained) cortfigytmtion, th© constraining member is removed. When the elastically 
deform!^ $l<mft is cotf&itinianed by an elongate housing, the housing is withdrawn to permit 
th© ©ted£@ (anxDtna^fi'^ regain its bent (unconstrained) shape, and thus deform the elastically 
defom^o &©m. \ffift<m th© elastically deformabie stem is unstrained by a constraining rod, 

3 0 for Qnmt&Q, tfo© red is pr©ff©rabSy withdrawn to p©rmft th© ©lastfealGy d®to<rmabt© stem to regain 
its bent (unconstrained) shap©. AR©rnafely, the elastic member can be deptoyed beyond the 
constraining member to permit th© elastic member to assum© its unconstrained shape and to 
deform th© elastically detformabft© stem. 

Th© amount of d©formation of th© elastically deformabS© stem can be variably 

35 controlled between th© maximum and fh© minimum by manipulation oil fh© constraining 
member. The constraining means is generally a longitudinally sfidabJ© rigad member. The 
constraining member can comprise, for example, a stiff etongat® housing, or a substantially 
linear stiff constraining rod. Alternatively, the constraining member can be fixed, and the 
elastic member can be slsdabte relative to the constraining member. 



o o ■ 

MP135SCOM-US3 

59 

Th<D ©tastfeally deformabi© stem can to, for examp!©, a red, on® Oir mor® wires, a 
holloa ty&ylar element, or the like. 

When th© instrument includes a housing which acts to constrain th© elastic member 
into a substantially linear shape, th© housing and th© elastically deformable stem ar© moved 
longitudinally relative to each other to release the elastic member from lateral constraint. The 
elastic member regains its original (unconstrained) non-linear shape, and thus to deform the 
elastically deformable stem. This approach is shown in graphic cross-section in Flguro 73. 

Alternatively, th© elastically deformabl© stem can include a substantially linear 
constraining rod. This constraining rod deforms th© elastic member into a substantially linear 
shape. As th© constraining rod and the elastic member are withdrawn relative to on© another, 
the elastic member regains its original non-linear shap® and causes th© elastically deformabJe 
stem to deform. This approach is shown in graphic cross-section in Figaro 74. 

In yet another embodiment (not shown), the instrument includes a substantially flnear 
constraining means which has a fixed position. This constraining means deforms th© elastic 
member into a substantially finear shape. As the elastic member and th® constraining red ar© 
withdrawn relative to one another, th© elastic member regains its original non-Gnear shape and 
causes th© ©lastically deformabl© stem to deform. 

The elastic member of th© elastically deformab!® stem comprises an elastic material 
which is substantially linear in its constrained configuration, and is curved in its unconstrained, 
or "memory", configuration. The term "elastic materiaf is used herein to mean a material thaa 
has spring-lake properties, that is, it is capable of being deformed by an appfied stress and 
then springing back, or recovering, to or toward its original unstressed shape or configuration 
when th® stress is removed. Th© elas&te material is p^erabUy hegftfiy eflastfe. Th© material can 
be polymeric or metalEc, otr a combination ©J both. Th® us© oU mutate, such as shap® fmrmr); 
alloys, is preferred. Shap® m©mo(fy alteys that ©xhiba ps©udo©lasttejty, in particular 
sup©relast&ciiy ( ar® ©speciality pr©feerod. The elastic materials herein exhibit greater than 1% 
elastic d®fe<rma&9fl f rrair© generally greater than 2% elastic deformation. Preferably, th© 
elas&§ (nr^©(riliilfe h®m§Sfl exhibit greater than 4% elastic deformation, more preferably greater 
tharo <1SS oiling deformation. 

Ptx^cmtty, th® ©Sastfe member is at least partially formed from a pseudo®las&e 
materia!!, mcfo as a shap® memory atoy. 

The Flgyroo ar® drawn for darity and ar© not! drawn to ante. 

Flgiwro 711 shows a bl&ded instfumerst of this invention. As shown, a scissors-typ® 
blade actuator mechanism DH© controls th® pivoltal movement of th® blades D H2. A finger- 
activated stem deformation controlling means HH& is used to control the deployment of th© 
bladed element HU© and th® elastically deformabl® stem DUD from th® ©tohgat© housing 
13©. A rotator mechanism 122 is shown in the form of a knob, and is used to rotate the 
elastically deformable stem HD® and the bladed element DH@ around the tong axis of th® 
elongat® housing 6. Each oS th® actuator mechanism HH@, th® stem deformation controlling 
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means 1116, and th® rotator mechanism 122 can take any suitable manually operated 
configuration. Th® specific configuration of each of th® actuator mechanism 110, the stem 
defommSon controlling means 114, and the rotator mechanism 122 can be the same, or 
they can b® different, as shown. Examples of suitable manually operated mechanisms 
5 include one or more slider, pistol grip handle, scissors handle, and/or plunger arrangement. 
These and other such devices are well known to the art. 

An elongate housing 126 maintains the elastic member 124 in a substantially linear 
configuration prior to deployment of the elastically deformabl© stem 11® and the bladed 
element 118. Upon full deployment from the etongat© housing, the bladed element 11® 

1 0 assumes a position which is at an angle from the elongate housing 12®. It should be noted 
that the angle o between the etongat© housing 12® and the bladed element 11© can be any 
number of degrees desired. As shown, angle ® is approximately S0°. Angle ® is defined by 
the axis of the elongate housing 0, and the plane which is perpend&ular to the axis of th© 
pivot 12® around which the blades pivot. Angle 0 can be any desired angle. Preferably a 

1 5 rotator mechanism 122 is provided, and permits rotation of th© bladed element 118 and th© 
elastically deformable stem 11® around the long axis of the elongate housing B. The rotation 
of the bladed element 11© is preferably independent of th© amount off deptoyment of the 
elastically deformable stem 11®. 

The elongate housing 120 is an etongate sheath having an axial bore (not shown) 

20 therethrough. The axial bore is sized to receive the elastically deformable stem and, 

optionally, the bladed element, in a constrained configuration. Th® axial bor® can hav® a 
consistent dimension through the length of the elongate housing 12©, or th© axial bore can 
widen and narrow as necessary to conform to the shape of th© elastscaJBy deformabl® stem 
11© and, optionally, to th® bladed element 11®. 

25 In general, th© etongat® housing 12® can b® flexible or rigid, and th® rigidity can vary 

by regoon. When th® etongat® housing does not act as th® constraining member, an alternate 
consSintftrtifftg meinrtbeir (syeh as an internal constraint) must be present. Standard catheters 
and te^Qff^so^g devec®s well known to the art are appropriate housings for the bladed 
elem^Ftf m& th® ©lasttealBy d©formabl® st©m. The stif?-sh©ath elongate housing of FBgytro 

30 711 Cfuni &d psCymstfs 0? metalGc, for example stainless steed. A preferred stiff etongate 
housing is a rigid etongat® tub® of stainless steel. 

The etongat© housing 12® can b® circular in cres@-sectton, but other cross-sections 
may be £ref©rabS® in some situations. For example, squared, oval, or eccentric cross-sections 
can be used. The etongate housing can be substantially uniform in cross-section along its 

35 length, or it can vary. 

The specific configuration and dimensions of the etongate housing 123 will vary with 
the use of the device, the parameters of the bladed element, and whether access for 
additional surgical devices is provided. The outer diameter of the etongate housing will vary 
with the application and the size of the bladed element. For example, the etongate housing in 
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a laparoscope dovsc© will have a (Sameter of from less than about 3 mm to aboiif 1 .5 cm or 
greater: tte length of a laparoscopic device will be from less than about 20 cm to about 30 cm 
orgreatdxr. 

In any of the embodiments of this invention, a suitable means may be provided for 
5 passing a fluid (liquid or gas) through the device for irrigation, aspiration, insufflation, and the 
like. In any of the embodiments of this invention, electricity may be passed to one or both end 
portion(s) of the blade(s) for purposes of electrocautery or electrocuting. 

Figures 72m through 726I are side views of the distal end of an instrument of this 
invention. The instrument shown in Fffgyr© 72 includes a rigid etongate housing 12® which 

1 0 acts as the constraining means. 

As shown in Flgyro 72, the instrument is moveable between a first position (Flgur© 
72a or FlguircD 72&) wherein the elastically deformabl© stem 132 is constrained within the 
elongate housing 12®, and a second position (Flgyire 72^) wherein the bladed element 
130 and the elastically deformable stem 132 extend past the constraint off the etongat© 

1 5 housing 12® and assume a memory shape. In one embodiment, both the elastically 

deformable stem 132 and the bladed element 139 are fully retractable into th© etongat© 
housing 12®, as shown in Flgyro 72a. Between th© first position and that shown in 
Flguiro 72@ ar© degrees off deployment (for example that shown in Fflgyro 72& and 
Flguiro 72e) in which th© blad©d element 13® is deployed sufficiently for us© (Flgyra 

20 72§), and in which the elastically deformable stem 132 is partialfty deployed (Figure 72c). 
In an alternate embodiment, th© bladed element 13® is not retractable into th© elongate 
housing 12®. Such an embodiment is demonstrated in FOgycoo 72ls> through 72d. These 
variable degrees off partial deptoyment allow the operator to choose th© angl© of deflection 
that the bladed element assumes relative to the elongate housing 12®. (Pivotal) actuation of 

2 5 the blades is not shown in this series of figures.) 

Aft©r us©, th© inanjfrori} is removed from th© worfcsst©. Wh©n th© worksite is within a 
patiertt, tito ©lastte&Mfy d^trmable stem 132 and, optionally, th©. bladed element 13®, are 
retr&tf&gl'&£& into th© ©tengat© housing 12® before th© instrument is removed from th© 
pati©^: fiffDQ vmfeys ©Jememts therefor© resume th© configuration shown in FOgyro 72s 

30 befor© rmtsrvM. Iff only th© ©lastically deformabl© stem 132 is retracted back irtio th© etongate 
housing 12® befor® th© instrument is removed from th© patient, th© elements resume the 
configuration shown in Flguro 72& b©ffor® removal. 

Flgyiro 72k> shows th© blades 135 fr©© off th© etongat© housing 12®. Th© blades 
135, the pivot 13@, and other ©lements necessary for pivotal motion of on© otr mor© blade 

35 (but not including th© blad© actuator) comprise the bladed element 130. A portion of the 
elastic member 13® is shown. In the pictured embodiment, the elastic member 13© 
comprises two strips of elastic material, each strip being secured to the pivot 13®. The elastic 
member 13® can have any desired cross-sectional shape, and the cross-sectional shape can 
vary along its length. Preferred cross-sectional shapes include a tubular shape or rod shape. 
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and a rectangular or roughly rectangular shape. In the embodiment shown the* elastic member 
13© comprises two strips which are not in the neutral plane of bending of the elastically 
deformans stem 132: this is a less preferred configuration. The preferred placement of the 
elastic member is at or near the neutral plane of bending of the elastically deformable stem 
5. 132. and is discussed further below. 

Flgur® 72c shows the bladed element 130 as it is deployed axially from the 
elongate housing 12©. Also shown is a portion of the elastic member 13©. Shown next to 
the elastic member 13© is the blade actuator rod 14®. In this embodiment, the elastic 
member 138 and the blade actuator rod 14© are included within the elastically deformable 
1 0 stem 132. The actuator rod 141® is preferably centrally located within the elastically 
deformable stem. 

The blade actuator rod 14® can comprise a rod, strip, filament, cord, conduit, 
catheter, pipe, lever, or other suitable connecting means which allows the remote pivotal 
manipulation of the blade(s). More than one such element can be present. The cross- 

1 5 sectional parameters of the blade actuator rod can vary along its length. Any suitable material, 
including a shape-memory material, can be used to form the blade actuator rod 14®. In one 
embodiment, the elastic member also acts as the blade actuator rod 14®. The blade actuator 
rod 14® preferably has sufficient flexibility that it does not interfere with the elastic 
deformation of the elastic member 13®. The blade actuator rod 14® can be positioned as 

20 desired within the elastically deformable stem 132. Preferably, the blade actuator rod 14® is 
located in a position that does not interfere with the longitudinal motion of the elastic member 
138 or of the constraining member, and does not interfere with the bending motion of the 
elastic member 13©. At the actuator end of the instalment (not shown), the blade actuator 
rod 14® can integrate with an actuator means, such as a sSder mechanism, pistol grip or 

25 thumb actuated mechanism, scissors handle, and/or ptunger mechanism. Alternatively, the 
actuator rod 14® projects proximally from the elongate housing 12©, and can be directly 
manipulated to caus® p5wtal motion of the opposing blades. The blade actuator means 
include tfi® actuator red 114®, any apparatus necessary to integrate with the bladed element, 
and tftcD ££&JS£©<r mechanism (if any). The blade actuator means is used remotely to open and 

30 close th® bladed element. Illustrative actuating means are described more fully betaw with 
reference to the drawings and include rack and pinion means, pin and slot means, four-bar 
linkages, and the like. In certain embodiments, the actuating means may be formed oil a 
pseudoelasttc material. The actuating means may permit the bladed element to be axially 
rotated. The actuating means can also provide suitable means for irrigating or aspirating the 

35 workfietd of the bladed elements, or can conduct electrical current to one or both of the 
blades, if desired. 

Flguro 72$ shows the bladed element 130 in the fully deployed configuration. 
The elastically deformable stem 132 is fully deployed (i.e., has achieved its fully 
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unconstrained shape), and, as depicted, holds the bladed element in portion 
approximately 90° from the axis of the body of the instrument. 

Rd>©onstraining the elastically deformable stem 132 as shown in Figure 72& is 
accomplished by reversing the process, i.e., by moving the elements to the configuration 
5 shown in Figures 72e, 72&, and (optionally) 72©, sequentially. 

Fig up© 73 provides cross-sectional views of one segment of an elastically 
deformable stem 1412 in constrained (Flgyro 73a), partially constrained (Flguiro 73&), and 
unconstrained (Flgur® 73c) configurations. 

Flguir<D 73a shows a section of an elongate housing 1441 which surrounds the 
1 0 elastically deformable stem 1412. The elastically deformable stem 1412 is fully constrained by 
the elongate housing 14141, and is in a substantially linear configuration. The elastically 
deformable stem 1412 includes an elastic member 141® in the shape of a a tube, and the 
enctased blade actuator rod 141©. 

The elongate housing 14141 and the elastically deformable stem 1412 are capable of 
1 5 reciprocal longitudinal motion, e.g., are longitudinally sBdable relative to one another. For 
example, the elongate housing 14141 can be moved in direction L (arrow) to deploy the 
elastically deformable stem 1412 . The same effeca can be achieved by moving the elastically 
deformable stem 1412 in tilroettoiF) IRI (arrow). Alternatively, the elongate housing 14141 can 
be moved in dllr®@8l@(fi) L (arrow) while the elastically deformable stem 1412 is moved in 
20 dlpsestoro R (arrow), to achieve deployment of the elasftcalSy deformable stem 1412. Poim 
® is labeled on Figyir<DO 73a, 73fe and 73@, and shows the relative movement of the 
elastically deformable stem 1412 relative to the elongate housing 14141. 

Flgyro 73& shows the section of elastically deformable stem 1412 in a partially 
deployed configuration. The elasticalSy deformable stem 1412 is partially constrained in a 
25 linear configuration by the elongate hey sing 14141, and partially unconstrained. 

Flgyro 73s shows th® section of elastically deformabSe stem 14)2 in a fully deployed 
configwsttioAi Th® eteg&gfilJy deformable stem 1412 is unconstrained, and shows the 
maxBo^ivra ^feom^fton available from the specific elastic mem&etr 

IRte^fistragrtSng the elastically deformable stem 1412 as shown in Figyiro 73© is 
30 accomj2Slsh®d &y revering the process, i.e., by moving the elements to the configuration 
shown in FUgyiroG 73& and 73a, sequentially. 

Flguro 741 provides views of one segment otf an elastically depfoyabl® stem 1S@ in 
constrained (Flgyro 74&), partially constrained (Figyro 74S&), and unconstrained (Flgyro 
74l<§) configurations. 

35 Flgyro 74lo shows a section of an elastically deformable stem HS9 which is 

constrained by the constraining rod 1§2, and is held in a substantially linear configuration. 
The elastically deformable stem 1§9 comprises an elastic member 1341, f he-blade actuator 
rod 13S, and the constraining rod 132. 
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Th© constraining rod 193 and th© elastically deformabl© stem 13® ark tongitucBnally 
slidabtD mmv® to on© another. For example, the constraining rod 132 can b© moved in 
dl(T(i^i@{aJ L (arrow) to cause deformation of the elastically deformabl© stem iso. Th© sam© 
effect can b© achieved by moving th© elastically deformabl© stem 130 in direction B 
(arrow). Alternatively, the constraining rod 132 can be moved in direction L (arrow) while 
the elastically deformabl© stem 1S0 is simultaneously moved in dJr©ai@(ni m (arrow), to 
achieve deformation of th© elastically deformable stem 13®. Point & is labeled on Flgurog 
7«s, 7m and 74kg, and shows the relative movement of the elastically deformable stem 130 
relative to the constraining rod 132. 

Flguir© 7m shows th© section of elastically deformabl© stem 130 in a partially 
deployed configuration. Th© elastically deformable stem ISO is partially constrained in a 
linear configuration by th© constraining rod 132. and partially unconstrained. 

Figure 74e shows th© section of elastically d©formabl© stem 13® in a fully deployed 
configuration. The elastically deformabl© stem 13® is unconstrained, and shows th© 
maximum deformation available from th© specific elastic member 134. 

Reconstraining the elastically deformable st©m 13® as shown in Flgur® 74kg is 
accomplished by reversing th© process, i.e., by moving the elements to th© configuration 
shown in Figyires 7m and 74a, sequentially. 

In on© embodiment (not shown) th© elastically deformabl© stem and th© rigid 
constraining rod ar© present only at th© distal (introduced) end of th© instrument, n©ar th© 
bladed elem©nt. Th© major portion of th© introduced body of th© instrum©nt is relatively 
flexible. Such an embodiment finds particular use as an endoscopic device, i.e., a device 
which can b© introduced through naturally occurring openings. In th© human body, 
endoscopic devices ar© appropriate for us© in th© respiratory tract (introduced through the 
mouth or nose), gastrointestinal tract (introduced through th© mouth, nos©, or rectum), or in 
the urogenital tract (intredyced through the ureter or, in women, th© vagina). 

Th® material otf th® ftejribfi© housing of th© endoscopes instrument may b© polymeric. 
If m&&> <§3 © feriK© po(iym©rfe material, th© material may b© reinforced, for exampt©, with fibers. 
A suSft©fe!Q psJymeric material forth© component is, for ©xampte, polyt©trafluoro©thyl©n©, 
reinfoff©^ wKh &rajd©d filters. 

Th© etengat© housing in an endoscopic device wilt have a diameter of from less than 
about 0.7 mm to about 4.3 cm or greater; th© length off endoscopic devices will b© from less 
than about 10 cm to about 3 meters or greater. 

Flgwos 73 through 77 each show a different embodiment of the elastically 
deformable stem of this invention. 

Flguro 73© shows a portion of an elastically deformabl© stem 13© and of an 
elongate housing 180. Shown in cutaway view are the blades 162 and th© pivot 1B4J, 
sheathed within the elastically deformable stem 138. In the shown embodiment, the blades 
162 must be deployed from the elastic member 16© prior to pivotal blade movement, 
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contrail by th® blade actuator rod 13®. Th© plan© through which th© blades 1©§ open can 
be in anj? ostentation desired relative to the elasticity deformable stem 1§§ or to th© elongate 
housing H@@. 

Flgyre 7g§> shows a cross-sectional view of the elastically deformable stem 1SS, 
5 taken through lino 3b-3b of Figure 7Ss. The blade actuator rod US® is fully enclosed by 
the elastic member 16®. 

Figure 7g© shows a portion of an elastically deformable stem 170 having a rod-and- 
groove configuration, and of an etongate housing 172. The blad© actuator rod 174 is 
partially enclosed by the elastic member 173, and is partially exposed. 
1 0 Figure 7<Bm shows an embodiment wherein the blades 178 and th© pivot 180 are 

not substantially sheathed within the elastically deformable stem 17® when th© elastically 
deformable stem 17© is fully withdrawn into the housing 172. Th© blades 11 78 do not need 
to be deployed from the elastic member prior to pivotal blad© movement, controlled by th© 
blade actuator rod 174. The plan© through which th© blad©s 178 open can b© in any 
1 5 orientation desired relative to the elastically deformable stem 170 or to th© elongate housing 
172. 

Figure 7<Ko) shows a cross-sectional view of th© elastically deformabl© stem 17®, 
taken through lino of FBgure 78a. The blad© actuator red 174 is partially enclosed 
in a groove in the elastic member 17©. 

20 Figure 77a shows a portion of a housing 182, and an elastically deformable stem 

184 with a windowed configuration. Th© windows ar© shown on th© conv©x surface off th© 
elastically deformabl© stem DIKL Such windows can b© presena on any of th© concave or 
lateral surfaces of th© elastically deformabl© stem 184, as desired. Any number of windows 
can b© used, including on©, two, or a muKjpBcTfy. 

25 Shown in cutaway vi©w ar© curved blades 1£8 and th© pivot 182, which ar© 

substantially ah©n&h©$ rcttMn th© elastically deformabl© stem 184. As shown, th© blades 
1S© mysJ &d dkip&y&d) pri@tr to pivotal blad© movement. When th© blades 1SS are curved, if 
is g©(nxDff&D$7 p7©tf©(niKQ mm th© curv© of th© blades 1f@ continue th© curv® of th© elastically 
defoinnn^lo stofii 11 ©3, but- that is not necessary. 

30 Th® ptem) tfttn&y#?) whteh th© blad©s 188 open can b© in any ori©ntation desired to 

the ©lasticaHy d©ffoirmabl® stem 184, or to th© elongst© housing 182. In a currently preferred 
embodiment, the blades 1§@ ar© not refracted into the elongaf© housing 183 or into th© 
elastically deformabS© stem l&fl even when the blades ar© fuKy refracted, a configuration 
which is shown in Fflgyro 72fe. 

35 Flgyre T¥& shows a cross-sectional view of the elastically deformabl© stem 184, 

taken through lino ?&>7& off Fflgyre 77©. The blad® actuator rod 183 is partially enclosed 
in a groove in the elastic member 1®©. 
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Flgyro 77© shorn a cross-sectional view of the elastically deformabte stem 1©4, 
taken through lino 7e-7<g of Figure 77©. The blade actuator rod 188 is fully enclosed by 
the elastic member 18®. 

Flguir© 7® demonstrates the use of an alternate elastic member 184. As shown in 
Flgur® 78®, the elastic member 184 is an element such as a wire which describes a closed 
shape in its unconstrained shape. The elastic member 194 has a stem 19S, which can be a 
continuation of the elastic member 194, as shown, or can be a handle means connected to 
the elastic member 194. F®Int g and point h are labeled to show the progression of the 
loop as it is withdrawn into the constraining housing 18®. Flgyiro demonstrates that 
when the stem 19® and the elastic member 194 are retracted into a constraining housing 
198, the circle deforms into a cupped configuration. As shown in Flgyro 71!©, further 
retraction of the stem 198 and the elastic member 194 into th© constraining housing 19® 
causes further deformation. The closed shape becomes narrowed and sharply angled. This 
occurs because as the sides of the closed shape take less stress to rotate out of the plan® of 
the undeformed shape than to straighten within the plane of th© undeformed shape. Th® 
figure thus deforms by bending at the apex, with the sides rotating out of the plane of th® 
undeformed shape rather than. 

Figures 78<d), 78o and 78? show the incorporation of th© closed shape of Figures 
78n, 78& and 78e, respectively, into an enclosing flexible sheath 3@®. FBgyiros 78d, 
78<d and 78ff are side views of the flexible sheath S@@ and constraining housing 19© which 
show the bending which fakes place as th® stem (not shown) and th© circular elastic member 
(not shown) are drawn into the constraining housing 19®. 

FIgyro 79 demonstrates another method of constraining an elastic member. 
Flgur® 79© shows two unconstrained elastic members 2@2a and Each is curved 

when it is not constrained. Each iscapabte off indepertd©n$ rotation. As shown in *<Flgyra 
79©, th® elastic m©mb®rs §®§o and §@§[q> ere angled sway fromr each other. 

FSgyoo 7D§> efe^TS th© elastic members 2@2o and held within a flexible 
sheaffia" Th® sfteatft causes each elastic member to acJ as a constraint for th® elastic 
memSs? taavJfftg an op&@@at© bend. As a resuQ, th® flexibS® sheath §@4 is straight. 

FOgtyiro 7®@ shews th® elastic members §®§o and §@§ls> hetd within a flexibfi® 
sheath §©4. Elastic member has been rotated to afign its curve to th© curve of elastic 
member 202®. Th® sheath bends to conform to th® bend of th® two elastic members 202u 
and 2® 2b. 

Flgyirojo 79^ through 791/ graphically represent the forces involved in FBgyir©Q 9® 
through 9©, respectively, as represented in fop view. 

Flgu&xD 79$ depicts vectors for the elastic members 2@2o and §©§[§>, as shown in 
Figure 79n. Elastic member 2®2& is shown as a vector arrow pointing to th® left; elastic 
member 2Q2& is shown as a vector arrow pointing to the right. 
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Ffigyro 7®o depicts vectors for the elastic members 202© and 2©2b*as shown in 
Figure The flexible sheath 204 is shown. The flexible sheath 204 does not curve, as 
the forces exerted by the elastic member 202u are cancelled out by the forces exerted by 
elastic member 202b. 

5 Flgur© 79? depicts vectors for the elastic members 202u and 202b, as shown in 

Flgur® 79c. The flexible sheath 204 is shown. The flexible sheath 204 curves to the left, 
represented by the resultant arrow 20§. The vector forces exerted by the elastic member 
202© are reinforced by the vector forces exerted by elastic member 202b. 

Flgur® 79@ depicts alternate vectors for elastic members 202u and 202b. The 

1 0 flexible sheath 204 is shown. Elastic member 202u is represented by a vector leftward, 
while elastic member 202b is represented by a vector which is at a 90° angle from that of 
elastic member 202®. The forces exerted by the elastic member 202a are only partially 
reinforced by the forces exerted by elastic member 202b. The flexible sheath 2@4 curves to 
the upper left, represented by the resultant arrow 2C3. 

1 5 FIguro 79 h depicts another vector set for elastic members 202a and 202b. The 

flexible sheath 204 is shown. Elastic member 202© is represented by a vector downward, 
while elastic member 202b is represented by a vector to the right. The forces exerted by the 
elastic member 202® are only partially reinforced by the forces exerted by elastic member 
202b. The flexible sheath 204 curves to the tower right, represented by the resultant arrow 

20 207. 

FIguro 790 depicts yet another vector set for elastic members 2@2a and 2@2b. 
The flexible sheath 204 is shown. Elastic member 2©2o is represented by a vector 
downward, as is elastic member 2@2b. The forces exerted by the elastic member 2©2u are 
reinforced by the forces exerted by elastic member 2026*. -Th© flexible sheath- 2@4 curves to 
25 the bottom, represented by the resultant arrow 20®. By rotation of one or more of the elastic 
members 202a and 2@2b, the flexible sheath 204 can be curved through a 360° circle. 

FIguro 7U© §h@m u device of this invention having two pivoted blades, each blade 
having a teng^tudinal slot next to the pivot. 

Rgpro 71106 is a side view of an instrument in the unconstrained configuration with 
30 a partial! cyfl&rosy near th® bJaded element. A bend of approximately 90° is present in the 
elastically deformable stem 21©. The actuating rod 211 § is enclosed within the elastic 
member 214. The movement of the actuating rod §12 and of the elastically deformable stem 
210 are preferably independent, and each is controlled by longitudinal motion of the 
proximal ends. Opening and closing of the blades is caused by reciprocal motion of the 
35 proximal portion of the actuating rod 21§. Deflection of the elastically deformable stem 210 
is caused by reciprocal motion relative to the elongate housing 220 of the proximal portion of 
the elastically deformable stem 21®. 

Flguro 710b shows a cut-away top view of the instrument of Flgyiro 710©. Two 
blades 222n and 222b are present. As shown, each blade is V*shaped. In a preferred 



o 



o 



MP13S9COM-US3 



68 



10 



15 



20 



25 



30 



embodiment roll shown, each blade is substantially straight. A pivot 224 is present 
intermsdof® to th© ends of the blade. The pivot allows pivotal motion off th© two blades, and 
holds th® btedes in position on th© elastically deformable stem. A longitudinal slot 22<1 is 
present in ©ach blad© proximal to the pivot. Th© two blad©s 222a and 222l§> ar® mov©abl© 
between a closed position, wherein th© axes of th© distal portions off th© blades ar© 
substantially parallel, and an open position, wherein th© axes off th© distal portions off th© 
blades are deflected from the parallel. Pivotal movement of the blades §22 is caused by a 
sliding pin (not shown) which is part of the actuator rod 212, and which integrates with th© 
longitudinal slot 22® present in each of the blades. In alternate embodiments, th© blades can 
be located partially within the elastically deformabl© stem; th© blad©s can be fixed to opposite 
sides of th© elastically deformabl© stem; or th© blades can b© fixed to a concave, convex, or 
lateral edge of the elastically deformable stem. The pivotal connection shown is ffotr 
demonstration purposes only, and any appropriate toggle, gear, or pivotal connection can b© 
used. 

Flgyiro 711© shows a longitudinal cross-sectional view off an instrum®nt in th® 
unconstrained configuration. The bladed element 22© includes two blades, two bars, and 
four pivots. A bend of approximately 90° is present in th® elastically deformabl© stem 23®. 
The actuating rod 232 is enclosed within the elastic member 234. Th© movement off th© 
actuating rod 232 and of th© elastically deformable stem 23© are each controlled by 
longitudinal motion of the proximal ends. Opening and closing off th® blades is caused by 
reciprocal motion off the proximal portion off the actuating rod 233. Deflection of th© elastically 
deformabl© stem 23® is caused by reciprocal motion of th© proximal portion of th© ©lastically 
deformabl© stem 23® relativ® to th® ©tongat® housing 25®. 

Flgyiro 71 11 & and 711© show cut-away top views^off th® instrument off Fflgyiro 
711©. Two blades 242a and 242fe ar© present. Two bars 244a and 244ls) ar© pr©s©nt. A 
pivot 24^a is present intetrmediat© to th© ends of th© blades 242m and 242&. pining th© 
blades and attsehiirtg th© blades to th© elastically deformabl© stem 23®. Two pivots 24*K§> ar© 
preset £& fft® proximal! ©nds of th® blades 242a and 242fo f wh©r© they pin th® cSst&l ends 
off bars §44o snd 244to>. A p5vot 24S© is present a! th® proximal ©nd off th© bars 244a and 
244(s>, {©3nJi?tg th© bars. Pivotal movement of th© blades 242a and 242& is caused by a 
sliding motion ot? th® bladQ actuating rod 232. Flgyro 711(s> shows th® blades in a relatively 
cbsed configuration. Flgyiro 711© shows th® blades in a relatively open configuration. 

Flgyiroo 712a through 712? show alt@mat© cross-sections off an elastically 
deformabl© stem of the instrument of Flgyiro 71, taken through lino 112-112. 

Flgyiro 712a shows an elastic member 24© and a blade actuator rod 2§© within a 
flexible material 2§2. The flexible material 252 describes a squared pyramid shape in cross- 
section. The elastic member 24© and the blade actuator rod 2§® each comprise a strip of 
material which is roughly oval in cross-section. 
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Th© us© of a f lexib!© material 232 which eroteses an elastic member 24© and a blade 
actuator red 239 permits the easy us® of one or more elastic member 24© and/or blade 
actuator rod 2m members which is eccentrically shaped in cross-section. Additionally, the 
material of the flexible material 252 is generally less expensive and easier to work than the 
5 material of either the elastic member 24© or the blade actuator rod 250. The flexible material 
252 can be, for example, a flexible polymer, or a braided, coiled, segmented, hinged, or zig- 
zagged metal component. If made of a flexible polymeric material, the material may be 
reinforced, for example, with fibers, to enable it to withstand the forces exerted on it by the 
elastic member while it is constrained within and deformed by the elongate housing. A 

1 0 suitable polymeric material for the component is, for example, polytetrafluoroethylene, 
optionally reinforced with braided fibers. 

The preferred cross-sectional embodiments include the actuator rod in or close to the 
neutral plane, i.e., that plane which is neither compressed nor stretched during th© bending 
of the elastically deformabl© stem. Figures 71 2u through 7l2ff are each labeled with a 

1 5 piano 2-s, representing a preferred neutral plane; and with a pteino pmd, representing a 
preferred plane through which the elastically deformabl© stem bends. 

Flgur® 71 2& shows two elastic members 24© on either side of an actuator rod 
250, within a flexible material 252. The flexible material 232 is a rounded rectangle in cross- 
section. The elastic members 24© are rods which ar© round in cross-section, and th© blade 

20 actuator rod 250 comprises a strip of material which is oval in cross-section. 

Flgyro 71 2e shows two elastic members 24© on either sid£ of an actuator rod 
253, within a flexible material 232. Th® flexible material 232 has m oval cross-section. The 
.elastic members §4© ar© square in cross-section. Th© blad® actuator rod 23© is a rod which 
is round in cross-section. 

25 Figure 71 2d shows two elastic members 24© on either side of an actuator rod 

250, within a flexiblQ material 2§2. The flexible material 23§ has an oval cross-section. The 
elastic merrt&em 24© ar® squar® in cross-section. Th© blade actuator rod 23© is a piece 
whicfi r®3©ffi§G®§ a rounded °H° in cross-section. In an alternate embodiment, not shown, the 
blad© rod irte£ud®§ a third elastic member within it, and th® blade actuator rod slides 

30 freely atersg th® tftaind ©lastte member. In another embotSmerft, not shown, th® ©lastte 

members and th® actuator rod ar© h©£d in position withoua th© action of a flexible material. In 
yet another embodiment, th® elastic member is intermediate to two blad® actuator rods. 

Figure 71 2o shows an elastic member 24© and a bflad® actuator rod 23© within a 
flexible material 252. The flexible material 232 has a squared pyramid shape in cross- 

35 section. The elastic member 24© comprises a strip of material which is rectangular in cross- 
section. The blade actuator rod 25© comprises a strip of material which is round in cross- 
section. 

Flguro 7121/ shows an elastic member 24®, a constraining rod 234, and an 
actuator rod 25®, within a flexible material 252. Th© flexible material 232 has a squared 
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cross-section The elastic member §4®, the constraining rod 2m, and th© a&uator rod 2§@ 
are ©acft ev&l in cross-section. Not© that the constraining rod is not within th© neutral axis: 
only in th® absence of the constraining rod does the elastic member 2m assume its 
unconstrained (bent) configuration. A configuration such as that shown in Flguro 77ff can 
5 be used in embodiments which do not include an elongate housing. A lumen 2§§ is 
present. The lumen 2S§ can be used, for example, to provide access for one or more 
apparatus for irrigation, aspiration, cautery, and the Bk®; 

Figure 713 shows a bladed element in which only one pivoting blade 2m is 
mounted for pivotal motion. The pivoting blade 2m is biased in the open (splayed) position 
10 by a spring 238. The fixed blade 2S® is mounted in a fixed position. Th© pivoting blade is 
closed by longitudinal motion of the actuator rod 2©§. Th© housing 2®4 is shown in partial) 
cutaway view. 

Preferred embodiments of this invention include a symmetrical blade action, so tha* 
both of the blades are actuated by the manually operated mechanism and dissection, cutting, 

1 5 and/or grasping is done by symmetrical motion of the two blades. However, in some 

situations, it may be desirable to have embodiments in which on© blade is moved mor© by th© 
manually operated mechanism than the other blade. In some cases, it may b© desirab!© t© 
have one blade function as a stationary (and therefor© passive) blade, wher© th© manually 
operated mechanism moves only the other blade. 

20 The blades of this inversion can be mad© of any appropriate material. Metals known 

for scissor, knife, and/or forceps us© ar© appropriate. Stainless st©el v for ©xamp&®, can b© 
used. Rigid plastics can also be used. 

One use of the instruments of this invention involves cutting, e.g. when on© or more 
of the opposable blad® provides a cutting edge. Th© honing *©fan ©gg© to form a cutting 

25 blade is well known in th® art. If desired, the cutting bisd© can b® serrated. The cutting edge 
is preferably derived from beveflng blade material itseEf. However, it may be dessrabte or 
necessary t@ psovid® & torsed edge off a secondary material to the blade material!. For 
exam^^a fWHCuWng plastic blade can be combined with an altey cutting edg©. A cutting 
surtes&jesff* (§3 pravaded at any desired exposed edge of th® bJad®. 

3 0 TO© &3&d®§ can b® straight, or they can b© curved along their length, as shown in 

Flguiro 77o. When curved blades are present, the curved blades ar® preferably made of an 
elastic materia! as described above. 

Flguro 71 3& shows a cutting blade 2§© which has one tongitu^nal cutting edge 

2©D. 

35 Flgwo 71 shows cutting blade 2@© in whech the perimeter off th© blad® provides 

th© cutting edg® 2®©. 

Flguro 713^1 shows a blad© 26® which has no cutting edges. Th© ©nd portion of 
the blade is pointed to facilitate dissection of tissues. 
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Figure 713a shows a blade 266 which has no cutting edges. The end portion of 
the blade is curved. 

Figures 714a through 714s show various blade cross-sections, taken through 
line 14-14 of Figure 713a. The cutting surfaces of the blades may abut one another in 
the manner of wire cutters, or they may cross one another in the manner of shears. The 
grasping surfaces of the blades may abut one another and be sufficiently blunt to avoid 
cutting the object to be grasped. Alternatively, the grasping surfaces need not be configured 
so as to contact each other in the manner of cutting devices. The object being grasped need 
merely be entrapped between the end portions of the blades. The grasping surfaces may be 
ridged or contain protuberances to assist in grasping the object. 

Figure 714a shows a cross-sectional view of two opposing blades. The blades are 
roughly rectangular in cross-section. The blades meet at a flattened surface, and are 
appropriate for grasping objects. 

Figure 71 4b shows a cross-sectional view of two opposing ridged blades. The 
blades are roughly rectangular in cross-section. The blades meet at a ridged surface, and are 
especially appropriate for grasping objects. 

Figure 714c shows a cross-sectional view of two opposing blades in which the 
blades are not symmetrical. One blade is roughly rectangular in cross-section, while the other 
blade is triangular. Such a configuration is appropriate for cutting objects. 

Figure 71 4d shows a cross-sectional view of two opposing cutting blades. The 
blades are roughly triangular in cross-section. The blades meet at a pointed cutting surface. 

Figure 714a shows a cross-sectional view of two opposing cutting blades. The 
blades are roughly triangular in cross-section. The blades meet and slide along their surfaces 
in the manner of shears. ^ , » : - 

While the invention has been described in connection with specific embotfments 
thereof, those skilled in the art will recognize that various mocfiffcations are possible within the 
principles described herein. Such modifications, variations, uses, or adaptations of the 
invention, inducSng such departures from the present disclosure as come within known or 
customary practice in the art, fall within the scope of the invention and of the appended 
claims. 



